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Abstract 
Abstract 
Regarding the bony configuration, the glenohumeral joint is an unstable but also 
the most mobile joint in the human "body. Overhead sports athletes are prone to have 
shoulder problem that may related to the anatomical structures of the joint and also the 
movement patterns frequently encounter by this group of athletes. 
Rapid, strenuous and large range of movement is required during the overhead 
sports such movement imposes tremendous stress on the shoulder joint and its 
surrounding soft tissues especi~llly during the cocking phas'e and the deceleration phase. 
The stress on the shoulder is partially take up by the co-ordinated contraction of the 
shoulder muscles as it helps to minimize the stress by maintaining the joint stability. 
The shoulder internal and external rotators have been identified to participate 
actively in the overhead sports activities. Inactivity of these muscles is associated with 
shoulder pathologies such as the anterior instability of shoulder. The strength of the 
shoulder rotators has been studied isokinetically and the peak torque ratio (PTR) of the 
two rotators has been regarded as an index to reflect the balance between these two 
muscle. However limitation is found in. the application of the peak torque ratio as it is 
not angle specific and mode specific to reflect the demand on the shoulder joint. 
The aim of this study is to introduce the new ratio - angle specific mode specific 
torque ratio (ASMSTR) to assess the co-ordination between the shoulder rotators 
during the cocking and the deceleration phase and to compare the difference of this 
ratio in the athlete and non-athlete subj ects. 
The study was divided into two parts with part one aimed at 1) validating the 
testing reliability of protocol in obtaining the concentric and eccentric peak torque (PT) 
and angle specific torque (AST) and 2) investigating the correlation between the PTR 
and the ASMSTR. Part two investigated the difference of the PTR and the ASMSTR 
amongst the athletes and the non-athletes. 
31 healthy subj ects were recruited in part one and Cybex 6000 was used to 
collect the isokinetic -data at the test speed of 600/sec and 1200/sec with the subject 
positioned in crook lying with the shoulder abducted to 90°. Two identical isokinetic 
tests were conducted with one week interval. The test-retest reliability was assessed by 
the Intra-Class Correlation Coefficient (ICC2-1) and the correlation was in general 
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>80%. Correlation between the PTR and the ASMSTR was assessed by Pearson 
Correlation Coefficient and the results showed insignificant correlation (p>0.05) 
between the two ratios in the female subjects and fair correlation in the male subjects (r 
<0.5). 
Ten athletes from the Hong Kong Badminton Team (HKT), 13 athletes from the 
Hong Kong National Junior Badminton Team (HKJ) and 28 healthy young adults (12 
males; 16 females) were volunteered to join the study. The isokinetic performance of 
the shoulder rotators were again assessed by the Cybex 6000 at the test speed of 
120%ec and positioned as in part one. Comparison of the torque ratio was made 
between the HKT and the non-athletes and the difference was assessed by the 2-way 
ANOVA stratified by gender. Significant difference between the athletes and non-
athletes (p<0.05) was found in the ASMSTR measured with the shoulder externally 
rotated to 40° for the male subjects. There was a trend for the athletes to have lower 
PTR and ASMSTR measured with shoulder internally rotated to 30°. 
The study was able to demonstrate the feasibility to assess the balance between 
the shoulder rotators with the ASMSTR. From the results suggestion to the athletes to 






Jn this chapter, the background of introducing the angle specific mode specific 
torque ratio (ASMSTR) to assess the balance between the shoulder rotators is 
presented. Through the anatomy of the shoulder joint and the kinematics study of the 
overhead sports, the demand on the shoulder of the overhead sports athletes is 
appreciated. The movement patterns frequently encountered by the athletes predispose 
the overhead sports athletes to various shoulder injuries (O'Brien et al. 1990). 
Dynamic joint stability is provided by the co-ordinated contractions of the shoulder 
muscles which are particularly crucial to the overhead sports athletes ^Cent 1971 
Moynes et al. 1986, Perry 1988). 
With the isokinetics, the muscle strength can be studied objectively and 
quantitatively (Kannus 1994) and the isokinetic peak torque ratio (PTR) can be used 
as an index to reflect the balance between the shoulder rotators. However limitation is 
found in the application of the PTR in examining the balance of the shoulder rotators. 
Present study is divided into two consecutive parts aiming at examining the 
reliability of the isokinetic test in obtaining the peak torque and the angle specific 
torques ofthe shoulder rotators. The correlation between the PTR and the ASMSTR is 
also examined. The muscle balance between the shoulder rotators in the athletes and 
non-athletes is compared with reference to the ASMSTR. Through this study we 
. “ ‘ 
would like to demonstrate the feasibility of using the ASMSTR to report the balance 
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between the shoulder rotators; and expecting the ASMSTR can provide more specific 
information on the demand on the shoulder rotators in the overhead sports athletes. 
1.1 Anatomy ofthe glenohumeral joint 
The shoulderjoint complex allows almost 360° of movement that is important 
to the daily living and is also essential to the overhead sports athletes. The 
glenohumeral joint is formed by the articulation between the relatively big spherical 
humeral head on the shallow glenoid cavity (O'Brien et al. 1990 Pappas 1995). 
The articulation of the glenohumeral joint has been described as a golf ball 
sitting on a tee for its instability (O'Brien et al. 1990). Jn such an unstable articulation, 
the integrity of the capsuloligamentous and the musculotendinous structures are 
mandatory to the joint stability (Kent 1971). The capsule of the shoulder joint is a 
• . - -
loose fibrous structure extends fi:om the glenoid neck to the anatomical neck of the 
humerus that can exert only minimal restraint to the glenohumeral joint (O'Brien et al. 
1990). The ligaments therefore become the major component in providing the static 
joint stability. 
In the overhead sports athletes, shoulder rotation is one of the basic 
movements frequently encountered by the athletes during the sporting activities (Wilk 
et al. 1993). The static joint stability in frontal plane, with the shoulder abducted is 
4 
Introduction 
primary provided by the inferior glenohumeral ligament (Turkel et al. 1981). Three 
regions, namely the anterior band, the axillary pouch and the posterior band can be 
identified (Turkel et al. 1981 O'Brien et al. 1990). When the shoulder is externally 
rotated with 90° shoulder abduction, the anterior band is tightened to protect the 
anterior aspect of the shoulder. Similarly, the posterior band is tightened to cover the 
posterior aspect of the joint when the shoulder is intemally rotated with 90° shoulder 
abduction (O'Brien et aL 1990). 
The shoulder is elevated to about 90° sideway during the cocking phase and 
anterolaterally during the deceleration phase. The shoulder experiences respectively an 
anterior and a posterior force during these two phases OFleisig et aL 1995). The 
inferior glenohumeral ligament is therefore extremely important in preventing the 
humeral head from migrating anteriorly or posteriorly during the sporting activities. 
However, the ligamentous restraint only functions at the end range when it is 
stretched. The stability of the shoulder joint is therefore relied on the muscles before 
the ligaments are stretched. The shoulder muscles distribute in pennates or 
multipennates and together with the orientation of these muscles to the shoulderjoint, 
a compression force and a shifting force can be resolved when the muscles contract. 
The imbalance shifting force will shift the humeral head and alter the axis of rotation 
that may result in impingement or overload of the peripheral structures (Perry 1988, 
Jobe 1993). Since the shifting force increases in proportion with the amount of 
exertion, a co-ordinated contraction of the shoulder muscles is absolutely crucial to 
the overhead sports athletes. 
— 5 
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Apart from the uniqueness of the structures of the glenohumeral joint, the 
movement pattem encountered by the overhead sports athletes is another potential 
cause of shoulder pathologies in this group of athletes (McLeod & Andrews 1986, 
Gowan et aL 1987, Glousman et al. 1988). Kinematics study enables us to understand 
more about the injury mechanics. 
1.2 Kinematics ofthe Overhead Sports 
The movement patterns of various overhead sports are similar (Lo & Stark 
1991, Dillman et aL 1993 Kibler 1995). Four phases namely the wind up phase, the 
cocking phase, the acceleration phase and the deceleration phase can be identified 
through the movement studies (electromyography and synchronised cinematography 
(JobeetaL 1983). 
The wind up phase is a preparatory phase, with minimal muscle activities. This 
phase involves mainly weight shifting in between the dominant and the non-dominant 
side. The cocking phase stores energy and involves both the internal and external 
rotations of the shoulder joint. The acceleration phase is the most strenuous phase 
where the shoulder is rapidly flexed, adducted and internally rotated. The deceleration 
phase involves progressive slowing down of the shoulder. 
. 
i “ . 
Li the late cocking phase, the shoulder is rapidly abducted, extended and 
laterally rotated by the concentric contraction of the posterior deltoid, the 
supraspinatus, the infraspinatus and the teres minor (Jobe et aL 1983 Gowan et aL, 
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1987 Ryu et al. 1988 and Kibler 1995). This phase terminates with maximal external 
rotation ofthe shoulder. The concentric contraction of the external rotators results in 
an anterior force that will displace the humeral head anteriorly on the glenoid socket 
(Fleisig et al. 1995). Such force is encountered by the anterior band of the inferior 
glenohumeral ligament and by the eccentric contraction of the shoulder internal 
rotators namely the pectoralis major, the latissimus dorsi and the serratus anterior 
(Jobe et al. 1984 Glousman et al. 1988, Ryu et al. 1988 Perry 1988, Fleisig et al. 
1995). 
Jn the deceleration phase, the shoulder is decelerated across the body towards 
the direction of flexion, adduction and internal rotation. The momentum of the arm 
will create a stretching force on the posterior structures. The eccentric contractions of 
the supraspinatus, the infraspinatus, the teres minor together with the deltoid and the 
trapezius decelerate the shoulder (Jobe et al. 1983, Gowan et al. 1987, Ryu et al. 
^ -
1988 Kibler 1995) and minimise the stretching force on the posterior structures. 
The balance ofthe concentric and eccentric contraction of the shoulder rotators 
definitely contributes to the maintenance of thejoint stability especially during the late 
cocking and the deceleration phase. Without this balanced muscle contraction, 
abnormal stress will be experienced by the shoulder joint and may result in shoulder 
pathologies such as, shoulder impingement and instability (Glousman et aL 1988). 
However quantitative information concerning the muscle strength is not 
available with the EMG. Isokinetics provides quantitative study of the muscle 
•i 
strength and can be applied to test the shoulder rotators. 





1.3 Isokinetic Assessment of the Shoulder Rotators 
The EMG study has demonstrated the importance of the shoulder rotators and 
has also identified the association between the weakness of the shoulder rotators and 
some of the shoulder pathologies (Gowan et al. 1987, Glousman et al. 1988). 
However with the EMG alone, quantitative information of the muscle strength is not 
available (Tata et al. 1993). Isokinetics that have been widely adopted in the 
assessment and the rehabilitation (Frisiello et al. 1994), can also be used to study the 
balance between the shoulder rotators. 
Conflicting results on the reliability of the isokinetic testing have been 
reported. (Hagemen et al. 1989 and Greenfield et al. 1990 Malerba et al. 1993 and 
Mayer et aL 1994). This variation may be contributed by the differences in the testing 
protocols adopted in various studies. These conflicting resultes reflect the need to test 
the reliability for each testing protocol before collection of data. 
Significant differences in the muscle strength of the shoulder rotators have 
been demonstrated in the comparison between the dominant and the non-dominant 
side (Hinton 1988 and Chandler et al. 1992) and in the comparison between athletes 
and non-athletes (Brown et aL 1988 and McMaster et al. 1991). Lti addition, the 
balance between the shoulder rotators has been studied isokinetically by examining 
the agonist and antagonist peak torque ratios (PTR). When comparison was made 
between the athletes and the non-athletes, lower PTR between the external and 
internal rotator QER>^) has been reported amongst the overhead sports athletes (Cook 
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et al. 1987 and McMaster 1991). Those with shoulder pathology also have different 
ER/DR. PTR when compared with that of the normal subjects (Wamer et al. 1990, 
Leroux et al. 1994). 
Wamer and associates have demonstrated that those with shoulder pathologies 
have different PTR between the internal to external rotator (ER7ER) when compared to 
normal subjects. They have concluded that weakness in the external and the internal 
rotators was related to some of the shoulder pathologies (Wamer et al. 1990). Leroux 
and associates have carried out similar study and have reported lower PTR (ER7ER) on 
the symptomatic shoulder (Leroux et al. 1994). 
The peak torque ratio is established by comparing the peak torques (PT) of the 
muscle couples however the point where one muscle peaks may not coincide with that 
of the other muscle in the same muscle couple (Kellis & Baltzopoulos 1995). The 
angle specific torque ratio is established by comparing the angle specific torque 
created by the contraction of the agonist with that of the antagonist on the same point 
in the movement arc (angle specific). This ratio may be more relevant in assessing the 
balance between the muscles in a muscle couple. 
Furthermore, the peak torque ratio compares the peak torques either 
concentrically or eccentrically and is not mode specific to the actual situation. With 
reference to the late cocking phase, when the external rotator contracts concentrically, 
1.1 
the internal rotator should contract eccentrically to control for movement. Neither the 
1 
! concentric peak toque ratio nor the eccentric peak torque ratio is specified to reflect 
I 
I the co-ordination between the rotators in this phase. Hence, the eccentric antagonist to 
i .— 
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concentric agonist torque ratio (mode specific) may be more relevant in reflecting the 
balance ofthe shoulder rotators (Perrin 1993 Kellis & Baltzopoulos 1995). However, 
no published study is available in investigating the angle specific mode specific torque 
ratio (ASMSTR) of the shoulder rotators. 
1.4 Objectives 
Limitation has been found in assessing the muscle balance with the peak 
torque ratio (PTR). The main objective of this study is to introduce the angle specific 
mode specific torque ratio (ASMSTR) to assess the difference in the balance between 
the shoulder rotators amongst the athletes and non-athletes. 
The reliability of a test is important especially when comparison of data is 
required. However previous studies have shown conflicting outcomes on this aspect. 
Furthermore, it is possible to estimate the ASMSTR from the PTR when these two 
ratios are significantly and highly correlated. Hence, both the reliability of isokinetic 
testing and the correlation between the PTR and the ASMSTR are examined before 
the comparison of the ASMSTR was made between the athletes and the non-athletes. 
These objectives were acheived by two consecutive parts of the study. Part one 
ofthe study verified the reliability of the protocol in obtaining the strength parameters 
and examines the correlation between the PTR and the ASMSTR. Part two assessed 
1 -
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1.5 Method of Investigation 
The study consisted of two consecutive parts and the subjects participate in the 
two parts were independent form each other The flow of the study is listed as follow. 
Part One (Testing the reliability and Correlation between PTR & ASMSTR) 
Recruitment ofhealthy young adults 
by sampling of convenience 
First Test *^^^^^^^ 
Explanation of the objectives, Repeat the same testing procedure for the 
Waming of the potential danger, / external rotator 
Consent to participate / 7K 
/ Repeat test programme for the non-
Questionnaire to collect demographic data / dominant side 
and medical history, history ofshoulder / Jf 
problems / 
1 J Second Rest for 30 seconds and progress to the test 
\i_ )L L i i ^ J speed of 1207sec 
Warming up of the shoulders ;r 
i ^ ^ i 
_ ‘ . ~ : “ — “ ~ : ~ : / Test for concentric and eccentric strength of 
Te=t for laxity ^ d nnpmgement, / intemal rotators at slow speed (607sec) 
Measurement ofjomt range / ,. • , ^ , . , . ^ , ^ J b / Unlunited tnal session before actual testmg 
/^ / Five repetitions for each test speed 
Exclusion of subjects if necessary / 
i » Position the subject in crook lying with the 
Isokinetic Test dominant shoulder abducted to 90°, elbow 
H flexed at 90° 
1 
;j . 
j . . 
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Part Two (Livestigate the balance between the shoulder rotators amongst the 
athletes & non-athletes) 
Recruitment ofAthletes from Recruitment ofNon-athletes by 
the Hong Kong Sports sampling of convenience 
histitote 
1 i \ ^ - ^ , • _ 
Explanation of the objectives, Data Analysis 
Waming of the potential danger, 
Consent to participate • ‘ 
J^  Repeat the same test procedure for the 
Questionnaire to collect demographic external rotator 
data and medical history, history of ^ 
shoulder problems ^ — 
Repeat test programme for the non-
dominant side 
Wanning up of the shoulders, 
Test for laxity and impingement, Rest for 30 seconds and progress to test 
Measurementofjointrange speed of 120°/sec 
T 
^ 
Exclusion of subj ects if necessary Test for concentric and eccentric strength of 
1 internal rotators at slow speed (607sec) 
Z ~ ~ ^ ~ ~ \ ~ ~ ~ ~ “ Unlimited trial session before actual testing 
lSOKinetlC lest 5 repetitions for each test 
\ t = r 
^>v,^^^ Position the subject in crook lying with the 
^\^__^^^ dominant shoulder abducted to 90°, elbow 
n flexedat90" 
1.5.1 Subject 
Li part one, 31 young healthy Chinese who were neither under training nor 
participating regularly in any kind of sports for more than 6 hours a week, were 
recruited by sampling of convenience. Subjects with age ranged from 18-28 were 
chosen which was comparable to the age range of the elite athletes in Hong Kong 
The subjects were interviewed, explained about the aims, procedure and the 





medical history and activity level were collected. Those with history of major surgery 
or shoulder pathology would be eliminated from the study. Test for general laxity 
O^^ eer 1985) impingement test (Hawkins & Kennedy 1980) and instability test of 
shoulder (Gerber and Ganz 1984) are conducted to confirm the shoulder condition and 
isokinetic test would be given on those with negative fmding in the screening tests. 
Jn part two, two groups of subjects, the non-athletes group and the athletes 
group were recruited. The type of subjects and the recruitment method for the non-
athlete subjects in part two were similar to that in the part one except with younger 
age (18-24 years old). Totals of 28 subjects (12 males, 16 females) were recruited as 
the non-athlete group. The overhead sports athletes were recruited under volunteer 
basis from The Hong Kong Sports ][nstitute. Ten Hong Kong Badminton Team 
members (7 males, 3 females) and 12 Hong Kong National Junior Badminton Team 
members (4 males, 8 females) were recruited as the athlete group. Those athletes who 
had previous history of shoulder problems that still affecting his or her performance 
were excluded from the study 
1.5.2 Equipment 
Liformation regarding the medical history and the activities of daily living 
were collected by a standard questionnaire. For athletes, questions regarding the 
training protocol were also covered. The dominant side was determined by the side to 
hold the racquet. The condition of the shoulder was confirmed by the laxity tests and 
the impingement tests. The shoulder range was measured by the hand held goniometer 
i'l 
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(TEO, Clifton New York, U.S.A.) and the isokinetic strength of the shoulder rotators 
was obtained by the Cybex 6000 (Division ofLumex Lic.). 
1.5.3 Protocol 
The reliability of the isokinetic test varies with the testing protocol and the 
reliability of Cybex 6000 in testing the shoulder rotators has not been validated. Hence 
the objective in the part one of this study was to examine the reliability of the 
isokinetic testing of shoulder rotators with the Cybex 6000. A clear explanation of the 
objectives, procedure and the waming of the potential danger and discomfort were 
given. Jf the subject consented to participate, every subject in the part one would 
attend to two testing sessions with one week interval. For those participated in part 
two, only one testing session is required. The demographic data, medical history, 
stability tests and joint range measurement were taken only in the first sessionin in 
both part one and two. 
The range of movement of the shoulder rotation was assessed by a clinical 
hand held goniometer in supine with 90 shoulder abductions. This method has been 
practised in the clinical setting for measuring the shoulder rotational range. Jf the 
subjects were able to fulfil the requirement, isokinetic test of shoulder rotator would 
be carried out with the Cybex 6000 in the same session. 
Before the isokinetic test, each subject should perform a set of warm-up 
exercise for the upper limb muscles. The subject was then positioned in crook lying 




Table (U.BX.T.). The thigh support was adjusted to the highest position and the 
footrest was adjusted to suit the leg length of the subject. The frontal plane was 
chosen for the test. The subject was positioned in 90° shoulder abduction and 90° 
elbow flexion. This position was chosen to simulate the shoulder position during the 
overhead sports and to have a better stabilization of the trunk. The height of the 
dynamometer was adjusted so that the humerus was parallel to the level ground while 
the axis ofrotation coincides with the axis of dynamometer. Adjustment was made to 
the length of the adjustable arm and the subject was requested to grip comfortably 
onto the handle during the test. 
The testing protocol in the study of Malerba et al. was adopted with 
modification. Continuous concentric-eccentric cycle was used in maximal painfree 
range. Two test speeds, 607sec and 120%ec, were covered on both sides for both the 
internal and the external rotators. Test was conducted first for the internal rotator on 
the dominant side with slow speed. Before each recording, a trial session with 
unlimited repetition of submaximal exertion was given in order to allow the subject to 
familiarise with the test. Five repetitions were required in each speed during the actual 
testing. Throughout the test, consistent verbal encouragement emphasis on maximal 
contraction was given. After 30 seconds rest, the test was proceeded to the test speed 
of 120°/sec. Same protocol was used for the non-dominant side after 5 minutes rest. 
Testing of the external rotator with identical protocol as the internal rotator was 
followed. 
The concentric and eccentric peak torque (PT) and angle specific torque (AST) 
measured with shoulder external rotated to 30°, 40° and 50° and internal rotated to 
‘ 





30°, were obtained from the computer print out. The concentric peak torque ratio 
(PTR) was calculated by dividing the concentric PT of external rotator to the 
concentric PT of the internal rotator. The ASMSTR30 was calculated by dividing the 
eccentric AST of external rotator to concentric AST of internal rotator measured with 
shoulder internal rotated to 30°. The ASMSTR40 was calculated by the dividing the 
eccentric AST of internal rotator to concentric AST of external rotator measured with 
shoulder external rotated to 40°. The subject was advised not to participate in 
strenuous work out in the presence of muscle soreness. 
Same isokinetic test was carried out with one week interval in the second 
session. No test would be given if the subject complained of residual muscle soreness. 
Same parameters were taken. 
Lti part two, the isokinetic test was conducted in the same testing position and 
protocol with the test speed of 1207sec. The concentric and eccentric PT and AST 
measured with shoulder internal rotated to 30 and external rotated to 40 were being 
recorded in both the non-athlete and the athlete group. The ASMSTR30 and 
ASMSTR40 were calculated as in the part one. 
16 
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1.6 Data management 
lto part one, the age, sex, joint range of motion and hand dominance were 
recorded and analysed descriptively by SPSS window version 6.0. The test-retest 
reliability in obtaining the concentric and eccentric peak torques (PT), and the angle 
specific torques (AST) measured at 30° internal rotation; 30°, 40° and 50° external 
rotation for both the internal and external rotators, were analysed by the Litra-Class 
Correlation Coefficient (ICC 2-1) with the computer programme written with 
reference to a published article (Shrout et al. 1979). The test was regarded as reliable 
if the calculated ICC value was equal to, or larger than 75% with not more than 5% 
contributed by random effect (Fleiss 1986). 
The correlations between the PTR and respectively to the ASMSTR30 and 
ASMSTR40 were assessed by the Person Correlation Coefficient, calculated by 
SPSS window version 6.0. Excellent correlation was defmed as coefficient greater 
than 80% with random effect less than 5% (Currier 1990). 
Li part two, descriptive analysis of the age, shoulder range, PT, AST at 30° 
internal rotation and 40 external rotation were analysed descriptively by the SPSS, 
Window version 6.0. The PTR, ASMSTR30 and the ASMSTR40 between the 
dominant side and the non-dominant side and between the athletes and non-athletes 
were compared by the 2-way ANOVA stratified by gender. The calculations were 
computed again by the SPSS window version 6.0. Significant level was set at 0.05 for 
1 • . 
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1.7 Clinical Application 
The aim of the present study is to assess the balance between the shoulder 
rotators quantitatively with the ASMSTR. Theoretically the ASMSTR is superior than 
the PTR in such a way that it is more specific to reflect the co-ordination between the 
shoulder rotators. Since the demand on the shoulder musculature is different in 
different phases of the whole movement sequence, the ASMSTR in different angles 
enable us to understand the unique requirement in different phases. 
For future direction, with reference to the norm of the ASMSTR obtained from 
the athletes, non-athletes and symptomatic subjects, a more specific training and 
rehabilitation programme can be planned for both the athletes and the patients. Also 
the ASMSTR may assist in diagnosing some subtle shoulder pathologies 
1.8 Definition ofTerms 
1. Concentric muscle contraction 
Tension developed within a muscle by muscle shortening (Chan et al. 1996). 
2. Eccentric muscle contraction 
Development of muscle tension by muscle lengthening (Stauber 1989 Albert 
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3. Isokinetic 
Dynamic muscle contraction with velocity of movement being controlled and held 
constant by a mechanical device. The resistance provided by the device is 
accomodating (Chan et al. 1996) 
4. Agonist 
Muscle which acts as the prime mover of a movement 
5. Antagonist 
Muscle which resist the prime mover in a movement 
6. Peak torque 
Single highest torque output recorded produced by a muscle contraction through a 
specified range of movement (Kannus 1992, Chan et al. 1996) 
7. Concentric peak torque ratio 
Ratio established by comparing the concentric peak torques of a muscle couples 
8. Angle specific torque 
Torque generated at a specific angle 
9. Angle specific mode specific torque ratio 
Ratio established by comparing the eccentric angle specific torque of the 
antagonist to the concentric angle specific torque of the agonist at a specified 
angle 
10. Continuous concentric eccentric mode ofcontraction 
One of the modes for isokinetic testing involving the eccentric contraction. The 
test involves a continuous concentric contraction followed by eccentric contraction 
j . -
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2 Literature Review 
The glenohumeral joint is unique in its anatomical structure. The unstable nature of 
the joint articulation increases the demand for the capsuloligamentous and 
musculotendinous structures for the joint stability. In this chapter the main structures 
responsible for the static and dynamic balance of the overhead sports athletes will be 
reviewed. .' 
This chapter also reviews the kinematics of the overhead sports with reference 
mainly to the pitching movement . The glenohumeral joint movement and the joint forces 
during the cocking and the deceleration phase are highlighted. 
The main theme of this study is to introduce the angle specific mode specific 
torque ratio (ASMSTR) in assessing the balance between the shoulder rotators. Different 
from the concentric peak torque ratio (PTR), the ASMSTR emphasises the role of the 
balanced contraction of the eccentric antagonist and the concentric agonist during 
shoulder rotation. The eccentric contraction is therefore reviewed in this chapter. The use 
of the isokinetics in the assessment of the muscle strength, and the application of the peak 
torque ratio in the assessment of the balance between the muscle couple is also reviewed. 
« 









The glenohumeral joint is the most mobile joint in the shoulder complex. It is 
formed by the articulation between the shallow concave glenoid cavity and the spherical 
humeral head which has three times the diameter of that of the glenoid. The glenohumeral 
joint capsule is a redundant structure that allows greater freedom of movement with 
concomitant lost in the stability. Hence the static stability of the joint relies very much on 
the integrity ofthe ligament (Kent 1971, Jobe 1990). 
2.1.1 Ligaments 
Several ligaments of the glenohumeral joint can be identified, namely the 
coracohumeral ligament, the transverse ligament, the superior glenohumeral ligament, the 
middle glenohumeral ligament and the inferior glenohumeral ligament. The overhead 
sports athletes are frequently engaged in shoulder rotation with shoulder abducted (Wilk 
et al. 1993). The stability of the joint in such position is mainly contributed by the inferior 
glenohumeral ligament (Turkel et aL 1981). Hence, the inferior glenohumeral ligament is 
reviewed in this chapter because of its dominance in providing the static stability to the 
overhead sports athletes. 
The inferior glenohumeral ligament is a triangular shape structure with the apex 




al. 1990), The inferior glenohumeral ligament blends with the capsule and is the thickest 
part of the capsule. With the shoulder abducted, it responsible for the anterior, the 
posterior and the inferiorjoint stability. 
The inferior glenohumeral ligament can be divided into three parts namely the 
anterior and posterior band of the inferior glenohumeral ligament and the axillary pouch. 
The anterior and the posterior band are the thickened part of the ligament and the axillary 
pouch is a diffuse structure situated in between the two bands (Turkel et aL 1981). The 
inferior glenohumeral ligament protects the shoulder like a hammock. The anterior and the 
posterior band are the important checks respectively for the shoulder external and intemal 
rotation particularly with the shoulder abducted (Gowan et aL 1987, O'Brien et al. 1990). 
When the shoulder is externally rotated with 90° of shoulder abduction, the 
anterior band situated anteroinferiorly is brought anteriorly to cover and protect the 
anterior aspect of the shoulder. Similarly, with the shoulder intemally rotated and 
abducted, the posterior band is brought posteriorly and tightened to give posterior stability 
to thejoint (O'Brien et al. 1990). 
In the late cocking phase of the overhead movement pattem, shoulder rapidly 
rotates externally to its maximum in approximately 90 shoulder abduction (Atwater 1979, 
Dillman et al. 1993). The anterior band of the inferior glenohumeral ligament is stretched 




overstretching and thus prevent luxation (Turkel et al. 1981). Similarly, when the shoulder 
intemal rotates with the shoulder elevated in the deceleration phase, the posterior band 
flinctions as a check for intemal rotation and prevent the shoulder luxates posterioly. 
Fig. 1 illustrates the function of the inferior glenohumeral ligament. 
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Fig. 1 (a) The inferior glenohumeral ligament is tightened with shoulder abducted to 90° 0 )^ The 
posterior band of the inferior glenohumeral ligament is tightened with shoulder internally rotate 
in 90° shoulder abduction (c) The anterior band shift anteriorly and support the head when the 
shoulder is extemally rotated in 90° shoulder abduction 
The capsuloligamentous structures provide static stability to the joint that fiinction 
at the end range where it is stretched. For strenuous and large range shoulder movement, 
muscular control is extremely important not just in creating movement “ but also in 







Skeletal muscles have three main contributions to the human movement. It can act 
as a stabilizer to maintain the body posture; as an accelerator to create a joint movement 
or as a decelerator to restrain passivejoint motion (Perry 1988). According to the location 
of the muscle in the shoulder complex, five categories can be identified and are 
summarized as follow (Pappas 1995). ^ 
Muscle Group Muscle involved 
Vertebraoscapular Muscle Trapezius Rhomboid 
Levator Scapulae 
Thoracoscapular Muscle Serratus Anterior Pectoralis Minor 
Thoracohumeral Muscle Latissimus Dorsi Pectoralis Major 
Subscapularis Teres Major 
Teres Minor Supraspinatus 




Clavicular Muscle Scalenae Trapezius 
Clavicular portion ofPectoralis Major and Deltoid 
Kent B. has stated that the joint stability is provided statically by the 
capsuloligamentous structures and dynamically by the musculotendinous units OfCent B. 
1971). Balanced muscular control has been regarded as the primary source of joint 
stability (Perry 1988 Wilk et al. 1993). 
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Contraction of a single shoulder muscle is impossible to provide a smooth and 
synchronized movement as most of the shoulder muscles are pennates or multipennates. 
Shear and compression force will be resulted when a muscle contracts (Jobe 1993). The 
incongruent articular surfaces and the laxity of the joint capsule, permit shifting of the 
centre of rotation by the resultant shearing force. The shearing force may overload the 
surrounding structures such as the glenoid labrum (0 rien et al. 1990). Hence the 
contractions of the shoulder muscles should be co-ordinated in order to create movement 
withoutjeopardizing thejoint stability 
The middle deltoid is the main abductor in the glenohumeral joint and its fibers 
are arranged in pennate. When it contracts, an upward shearing force and a compressive 
force will be produced. (Fig. 2). The upward shearing force causes upward migration of 
the humeral head and eventually induces the impingement of the humeral head onto the 
coracoacromial ligament. Li addition, less articulate surface is available with the humeral 
head upwardly displaced that further affects thejoint stability fPerry 1988 Jobe 1993). 
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The rotator cuff muscles are important to the joint stability as they wrap around 
the glenohumeral joint. The supraspinatus orientates horizontally with the glenohumeral 
joint which induces a compressive force to enhance the joint stability (Fig. 3). 
Contractions of the infraspinatus and the subscapularis result in a downward shifting force 
that will counterbalance the upward displacement created by the middle deltoids on the 
humeral head (Perry 1988, Jobe 1990) (Fig. 4). In general, the rotator cuff muscles 
function as a fine tuner to position the humeral head and enhance the joint stability by 
rotation or by increasing thejoint compression. 
^¾ i ^ • k E] / f ^ 
1 r( • 
(O'Brien 1990) (O'Brien 1990) 
Fig. 3 Supraspinatus horizontally aligned with Fig. 4 Contraction of infraspinatus and teres 
the glenohumeral joint. Muscle minor will produce a depression force on 
contraction will result in a compression the humeral head which counteract the 
force which provide stability to thejoint upward shifting force created by the 





When the posterior deltoid contracts in an abducted shoulder, it extends the 
shoulder horizontally. The resultant force created by the muscle contraction will shift the 
humeral head anteriorly as the line of pull of the muscles is posterior to the centre of the 
glenohumeral joint (Peny 1988) (Fig 5). In the late cocking phase where the shoulder is 
abducted, extended and externally rotated the anterior displacement created by the 
posterior deltoid will fiirther enhanced by the external rotation of the shoulder. The 
infraspinatus and the teres minor are the external rotator of the shoulder that can share the 
; 
load of the posterior deltoid and eventually minimize the anterior shearing force. The 
subscapularis together with the sternal head of the pectoralis major bridge over the 
anterior part of the capsule and provide an anterior restraint to the anterior displacement 
(Moynes et al. 1986 Perry 1988) (Fig. 6). 
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Fig. 5 Contraction of posterior deltoid in 90° abduction will extend the 
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Fig. 6 Subscapularis and pectoralis major serve as the anterior restraint to 
anterior displacement of the head 
Li the early deceleration phase in the overhead sports, the subscapularis, the 
pectoralis major, the latissimus dorsi and the teres major are still active (Jobe et aL 1984 
Gowan et aL 1987 and Glousman et al. 1988). The shoulder is moving towards the 
direction of flexion, adduction and internal rotation, and the weight of the arm together 
with the momentum will distract the shoulder posteriorly. The eccentric contractions of 
the external rotators decelerate the arm and lessen the traction force upon the posterior 
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Fig. 7 Contraction of the posterior muscle io counteract the posterior shifting force 
resulted from the contraction of the internal rotator 
The overhead sports athletes are prone to have shoulder problem (Glousman et al. 
1988). Knowing the kinematics of the overhead movement, enables us to have a better 




Biomechanics of OverheadS4ovements 
2.2 Biomechanics of overhead movements 
The movement pattems in various overhead sports are similar OVIoynes et al. 
1986). It involves a sequential body movement starting centrally from the axial skeleton 
and progressing peripherally towards the extremity (Atwater 1979, Moynes et aI. 1986 
Lo & Stark 1991, Dillman et al. 1993, Kibler 1995). 
I 
Regarding the differences in the skills and the techniques, the movement pattems 
of various overhead sports are not identical in details. In general it can be divided into four 
phases namely the winding up phase, the cocking phase, the acceleration phase and the 
deceleration phase (Moynes et al. 1986, Jobe et al. 1983). Fig 8-10 show the movement 
sequence respectively of the pitching in the baseball; the serving in the tennis and overhead 
shot in the badminton. 
f _ m M . f ^ 
Fig. 8 Movement Sequence ofPitching ^Dillman et al. 1993) 
30 
Literature Review 
Biomechanics of OverheadS4ovements 
a ^ 9 f 
: S^ J ^ ^ c ^ m ( 4 4 ^ /4. / # ^ 
^ / ¾ 4 ^ ¾ ^ ^ :M" 
^ ^ ^ ^f\ [/ it^ 
^ ^ . 
. -
Fig. 9 Movement Sequence of Serving in Tennis (Jobe et al. 1990) 
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Fig. 10 Movement Sequence ofOverhead Shot in Badminton 
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The description of the overhead movement involved in different phases with 
reference mainly to the pitching movement, is highlighted as follow;— 
2.2.1 Winding up/preparatory phase (Fig. 11) 
It is the longest phase amongst the movement sequence. It starts with weight 
shifting betv/een the lower limb and is followed by the tmnk rotation towards the 
dominant :>ide (dominant side is defined as the side to hold the racquet or the side to 
pitch). The winding up phase prepares the body for subsequent movement and the 
shoulder muscles are relatively inactive in this phase. 
t f f I f i 
U ' U Fig. 1 Winding Up 
(Dillman et al. 1995) 
The wind up phase in different overhead sports may vary. In general it starts from 
shoulder flexion and neutral rotation and moves towards the direction of abduction, 




Biomechanics of Overhead Movements 
dominant in this phase. Minimal muscle activities are found in the biceps, the deltoid and 
the cuff muscles (Jobe et aL 1983, Glousman et al. 1988 and Kibler 1995) 
2.2.2 Cockingphase ^Fig. 12) 
This phase starts with medial rotation of the dominant hip and ends with 
maximum shoulder external rotation on the pitching side. The pitching shoulder abducts, 
extends and extemally rotates that finally cocks at the maximal external rotation. The 
rotational velocity of the trunk peaks when the shoulder cocks (Atwater 1979). The 
momentum is transmitted from the leg and trunk to the upper limb with the shoulder 
acting as a funnel to direct the forces by the skeletal, the muscular and the 
capsuloligamentous systems (Atwater 1979 Kibler 1995). 
- ¾ ¾ ¾ 
Fig. 12 Cocking Phase 
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Figure 13 and Figure 14 respectively illustrates the change of rotational range and 
the change of rotational velocity from the foot contact to the end of the pitching 
movement (Dillman et al. 1993). Maximal extemal rotation (MER) occurs at the end of 
the cocking phase (Fig. 13). The shoulder continues to rotate externally with decreasing 
speed at the middle of the cocking phase (Fig. 14). It finally stops when maximal external 
rotation is reached (0 degree/sec). 
TliC lengthening of the internal rotator in this phase activates the stretch-
shortening cycle (Tullos 8c King 1973, Lee 1995). The energy transmitted from the 
preceded moving segment is therefore stored in the elastic components of the internal 
rotators. The stored energy is released at the acceleration phase when the internal rotators 
contract. 
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Shoulder abduction and extension are also involved in the cocking phase (Atwater 
1979 Dillman et al. 1993). However the range of abduction is relatively constant 
throughout this phase and the change in the extension range is relatively small when 
compare with the shoulder rotation (Atwater 1976, Dillman et al. 1993). 
The late cocking phase has been regarded as one of the critical instances during the 
overhead activities (Fleisig et al. 1995). During the late cocking phase, the shoulder 
experiences a maximal anterior force and superior force bf 310 ± 100N and 250 80N 
respectively (Fleisig et al. 1995) (Fig. 15). In the same study, maximal internal rotation 
torque (67 11 N-m) and horizontal adduction torque (87 23 N-m) has also been 
recorded during this phase (Fleisig et al. 1995) (Fig. 16). Such torques are responsible for 
the stability of thejoint. 
Fig. 15 Forces applied on the shoulder Fig. 16 Torques applied on the shoulder 
0"leisigetaL 1995) (Fleisigetal. 1995) 
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The EMG studies on the pitchers show that high muscle activities on the shoulder 
internal rotator and abductor namely the pectoralis major, the latissimus dorsi the serratus 
anterior and the subscapularis, have been recorded during the same phase of pitching 
- m o v e m e n t (Jobe et aL 1984, Gowan et al. 1987 Glousman et al. 1988, Ryu et al. 1988). 
Hence the internal rotation and horizontal adduction torque found in Fleisig et al. study 
are likely produced by the eccentric contraction of these muscles. 
/ • 
Weakness of the eccentric control of the shoulder internal rotator and adductor in 
the late cocking phase will jeopardize the joint structures as the unbalanced anterior and 
inferior force will shift and grind the humeral head onto the labrum (McLeod & Andrews 
1986). The role of these muscles is further demonstrated by the EMG study carried out by 
Glousman and associates on a group of pitchers with chronic anterior instability 
(Glousman et al. 1988). They have reported marked decrease in the EMG activities in the 
pectoralis major, the serratus anterior and the subscapularis during the late cocking phase, 
and have concluded that inhibition of the eccentric control of these muscles will accentuate 
the anterior stress on the anterior restraint. 
2.2.3 Acceleration phase (Fig. 17) 
The acceleration phase starts from shoulder internal rotation at the maximal 
external rotated position and ends with the ball leaving the hand or the racquet impacts 
with the ball or the shuttle. This phase lasts less than 0.03 seconds and is the shortest 
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phase within the movement pattern (Atwater 1979 Dillman et al. 1993). Maximal 
rotational velocity has been recorded when the shoulder accelerates forward in a forceful 
and rapid manner (Dillman et aL 1993). Figure 14 shows that the angular velocity of the 
shoulder rapidly increases during the acceleration phase and reaches the maximal at the 
ball release (Dillman et al. 1993). However the shoulder is relatively stable in this phase as 
almost maximal compressive force with minimum anterior-posterior and superior-inferior 
force is experienced by the shoulder (Fig 15) (Fleisig 1995) 
t 
High muscle activities have been recorded in the biceps, the infraspinatus, the 
subscapularis, the pectoralis major, the latissimus dorsi and the serratus anterior (Gowan 
et al. 1987, Ryu et al. 1988) to rapidly flex, adduct and internal rotate the shoulder to 
propagate the arm forward. The triceps (Jobe et al. 1984) and the anterior deltoid (Kibler 
1995) are also active during this phase. 
l A 
Fig. 17 Acceleration Phase 
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U4 Decelerationphase(¥\g. 18) 
This is the final phase of the movement sequence. It starts with the end of the 
acceleration phase and terminates with the upper Iimb comes to halt. It has also been 
regarded as another critical instance in pitching movement (Fleisig et al. 1995). After the 
ball leaves the hand or impacts with the racquet, the activities ofthe internal rotators drop 
rapidly and the moment of the fast moving arm is decelerated across the body (Gowan et 
al. 1987 Ryu et al. 1988). The eccentric contractions of the external rotators decelerate 
the shoulder in the direction of adduction, intemal rotation and flexion (Atwater 1979 
Dillman et al. 1993, Fleisig et al. 1995). Figure 14 shows the decrease in the rotational 
velocity (approaching 0 degree/sec). 
Similar to the internal rotators at the cocking phase, the supraspinatus, the 
infraspinatus and the teres minor, contract eccentrically to produce a horizontal abduction -
torque on the shoulder (Jobe et aL 1983, Gowan et aI. 1987, Lee 1995). This torque 
progresses with internal rotation of the shoulder and reaches maximum at the maximal 
intemal rotation (Fleisig et al. 1995) (Fig. 16). Maximal posterior force and moderate 
compression force are also experienced by the shoulder in the maximal internal rotated 
position during the deceleration phase (Fig. 15). Such force is related to the posterior 
shoulder injury in the overhead sports athletes (Jobe et al. 1983, Moynes et al. 1986 Lee 
1995, Fleisig et al. 1995). 
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Fig. 18 Deceleration Phase 
The shoulder experiences an anterior and a posterior force respectively during the 
cocking and the deceleration phase and this force will be increased if the muscles 
responsible for providing the rotatory torque are weak. Also the demand on the eccentric 
control ofthese muscle is high that may result in eccentric overload and eventually induces 





2.3 Eccentric Contraction 
Eccentric muscle contraction is defined as the development of muscle tension by 
muscle lengthening under an external load (Stauber 1989 Albert 1995). It is one of the 
functions of the skeletal muscle and has similar degree of participation as the concentric 
contraction in daily living (Komi & Rusko 1974). The eccentric contraction is dominant 
when sudden change of momentum is required (Stauber 1989 Albert 1995). It can also 
t 
function as a shock absorber to alleviate the stress impacted on the skeletal structures 
(Stauber 1989). 
Although the energy consumption is lower in the eccentric contraction, the load 
per each muscle fiber is higher (Stauber 1989). Such increased loading probably associates 
with the mechanical damage and the delayed onset of muscles soreness commonly found 
after the eccentric contraction. In this session, the characteristic of the eccentric 
contraction and its role in the overhead sports is reviewed. 
2. S. 1 Physiology of eccentric contraction 
The cross-bridge theory can be applied in both the concentric and the eccentric 
contractions (Stauber 1989). When a muscle is activated, the calcium ion interacts with 
the troponin and readily exposes the binding site for the formation of the cross-bridge. 




actin (White 1977). In the eccentric contraction, the external load induces the separation 
of the actin-myosin bond and the cross-bridge is left in its high energy form. The binding 
and separation cycle can therefore repeat without apparent energy lost (Stauber 1989). 
Hence, the energy consumption is lower in the eccentric contraction when compared with 
the concentric contraction. Less energy is used in the eccentric contraction and so the 
tension-generating capacity within a given length of sacromere for the eccentric 
contraction is higher (Stauber 1989). However fewer muscle fibers are recruited for a 
f 
given muscle tension that increases the mechanical stress on each muscle fiber, and may 
result in overload of the muscle fibres (Howell 1995) 
2.3.2 Mechanical trauma in eccentric contraction and the delayed onset of muscle 
soreness flDOMS) 
Mechanical trauma commonly occurs after the eccentric contraction that probably 
associates with the relative increased load on each muscle fibre. Such load induces a direct 
or indirect damage on the myofiber QSFewham et al. 1983, Armstrong 1984 Stauber 1989) 
or the connective tissue (Asmussen 1956, Armstrong 1984, Stauber 1989). 
Eccentric contraction has higher preference for the type II fibers (fast-twitch fiber). 
The type II fibers possesses narrower Z band OFriden J 1988) and lesser connective tissue 
content in the endomysium (Kovanen et al. 1980), are more susceptible to damage in the 




susceptible to damage in the eccentric contraction (Stauber 1989). The damage of the 
muscle fibers starts off with focal damage which progresses in the following 2-3 post-
exercise days and results in a more extensive damage. However the exact cause of this 
progression is unknown ^N"ewham 1983). 
The delayed onset of muscle soreness associates strongly with the eccentric 
contraction fNewham et al. 1983 Stauber 1989, Albert 1995). Despite the tissue damage 
I 
of the fiber itself, the swelling of or within the connective tissue is another possible cause 
of soreness (Asmussen 1956). Fitzgerald and co-authors have studied the post-exercise 
muscle soreness after concentric and eccentric exercise. Insignificant difference has been 
reported in the change of the soreness intensity between two groups commencing 
separately in the concentric and the eccentric exercise at the same power output. 
They have concluded that the greater post-exercise muscle soreness in the 
eccentric contraction is associated with the intensity of exercise but not the type of 
exercise (Fitzgerald et al. 1991). However in the same study, insignificant difference has 
also been reported in the change of soreness intensity when comparing groups 
participating separately in maximal concentric and maximal eccentric exercise. 
Although there is a high chance for the eccentric contraction to associate with the 





2.3.3 Eccentric contraction in plyometric 
Plyometric is defined as enhancing the concentric performance with a preceded 
eccentric contraction (Wilk et al. 1993, Voight et al. 1995). The eccentric contraction is 
facilitated by the natural elastic components and the myotatic reflex of the muscle (Wilk et 
al. 1993, Voight et al. 1995). When the muscle is stretched during the eccentric 
contraction, tension is developed and elastic energy is stored within the muscle. The 
stored energy is released to enhance the concentric contraction that occurs shortly after 
the eccentric contraction (Voight et al. 1995). 
The effectiveness of the energy transfer during the plyometric contraction is 
enhanced through a shorter and more intense eccentric phase and or or a shorter 
amortization time (the time between the eccentric and the concentric phase) (Asmussen & 
Bonde-Peterson 1974, Stauber 1989, Wilk et al. 1993). The concentric output can also be 
improved by plyometric training. Through the training, the neural efficiency is improved 
that more motor units are being recruited in a shorter period of time (Voight et aL 1995). 
Also the training probably desensitizes the Golgi tendon organ that the concentric 




2.2.4 Role of eccentric contraction in overhead sports 
As stated by Stauber that the eccentric muscle contraction is involved both in the 
control of muscle elasticity and in the control of muscle shock absorption (Stauber 1989). 
Hence the eccentric contraction of the shoulder rotators participates actively in different 
phases of the overhead sports. The role of the eccentric control of the shoulder rotators is 
dominant during the late cocking phase and the deceleration phase (Hinton 1988 Chandler 
et al. 1992, Tata et al. 1993 and Wilk et aL 1993). 
In the late cocking phase, the internal rotators of the shoulder contract 
eccentrically to decelerate the fast external rotating shoulder and also function as a 
restraint for the external rotation (Perry 1983 Jobe et al. 1984 Glousman et al. 1988, Ryu 
et al. 1988, Hinton 1988, Fleisig et aL 1995). The stretch-shortening cycle of the internal 
rotator is also elicited during this phase when the muscle is lengthened. The stored energy 
is released to enhance the propagation of the shoulder in the acceleration phase (Tullos & 
King 1973, Lee 1995). In the deceleration phase, the extemal rotators contract 
eccentrically to decelerate the fast moving arm across the chest. This alleviates the 
stretching force on the posterior structures and help to prevent overload of the posterior 
soft: tissues and minimizes the chance for posterior luxation (Hinton 1988, Chandler et al. 




Studies investigating the role of eccentric control of the shoulder rotators in the 
overhead sports are mainly EMG studies. However EMG is not a quantitative assessment 
of muscle strength. Since isokinetics is a reliable quantitative measurement of the muscle 
strength, it has also been used in the study of the eccentric strength of the shoulder 
rotators (Hagemen et al. 1989 Ng & Kramer 1991 Frisiello et al. 1994, Malerba et al. 






Isokinetic has been widely adopted in the assessment and rehabilitation of the 
musculoskeletal system in the past three decades (Frisiello et al. 1994). The mechanism of 
isokinetics is briefly reviewed in this session. The reliability of the isokinetic test for 
shoulder rotators; the use of isokinetics in the assessment of muscle strength and muscle 
balance, the variation of the strength parameters with different testing protocol and 
amognst different groups of subjects are covered in this session. 
2.4.1 Introduction of isokinetic 
The speed of isokinetic movement is controlled by an electromechanical device 
(Thistle et aL 1967). In the isokinetic movement, when the limb attains and exceeds the 
preset velocity, the control mechanism is activated and the dynamometer will provide an 
accommodating force to resist the musculoskeletal system so that the preset speed is 
maintained (Moffroid et al). The applied resistance is proportional to the muscular 
capacity and can be recorded and retrieved from the attached computer. 
Isokinetic assessment and rehabilitation have been widely adopted in the past three 
decades (Frisiello et al. 1994). Regarding to the contribution in the overhead sports, the 
intemal and extemal rotators have been involved in isokinetic testing with the topics 




1. Examining the reliability of isokinetic testing ofthe shoulder rotators (Hageman et al. 
1989, Malerba et al. 1993 Frisiello et al. 1994, Mayer et al. 1994) 
2. Comparing the torques produced by shoulder rotators in different testing positions 
(Walmsley &Szybbo 1987, Hageman 1989 Greenfield et al. 1990) and different 
speeds (Walmsley & Szybbo 1987 Soderberg & Blaschak 1987 Hanten et al. 1988, 
t 
Chandler et al. 1988, Cahalan et al. 1991, Wilk et al. 1993). 
3. Comparing the strength of shoulder rotators in the overhead sport athletes with that of 
the non-athlete subjects (Brown et al. 1988, McMaster et al. 1991, Ng & Kramer 
1991, Chandler et al. 1992, McMaster et al. 1992, Wilk et al. 1993) 
4. Comparing the strength of the shoulder rotators between the normal and those with 
shoulder pathology (Leroux et al. 1994, Bumham et al. 1993 and Wamer et al. 1990) 
5. Eccentric control ofthe shoulder rotators (Hageman et al. 1989 Malerba et al. 1993 
Frisiello et al. 1994, Mayer et al. 1994, Mikesky et al. 1995) 
6. Isokinetic training of shoulder rotators (Mont et al. l994, Litchfield et al. 1993, Fyfe 





2.4.2 Reliability ofisokinetic assessment of shoulder rotators 
Isokinetic peak torque has been well documented to be an accurate and highly 
reproducible variable to measure (Ostemig 1986, Perrin et aL 1987, Montgomery et al. 
1989 Thigpen et aL 1990). However the knee joint is involved in majority of isokinetic 
studies that validation of the reliability of the isokinetic assessment of the shoulder 
rotators is indicated. 
Table 1 summarized the protocol used and the results of the reliability studies of 
the isokinetic testing of the shoulder rotators. Excellent reliability has been defmed as the 
Mra-Class Correlation Coefficient (ICC) > 0.75 (Fleiss 1986) or > 0.8 (Currier 1990). 
The varied results may due to the differences in the protocols adopted in different studies 
as some studies have included both the concentric and eccentric testings of the shoulder 
rotators and some have covered only one mode of testing. The testing speed and the 
testing position also varied in different studies. 
Relatively larger variation has been found in the reliability ofthe eccentric testing 
ofthe shoulder rotators. The test-retest reliability of the eccentric measurement with KJN-
COM on the shoulder rotators has been assessed by Hageman et al (Hageman et aL 1989). 
They have reported that the test-retest reliability at the speed of 607sec and 1807sec in 
two testing positions was ranged from 0.8 for the extemal rotator measured with 45° 
shoulder abduction at the test speed of 1807sec to 0.9 for the intemal rotator measured 




retest reliability for eccentric testing of shoulder rotators at the test speed of 907sec and 
1207sec measured with shoulder in neutral position (Frisiello et al. 1994). 
However conflicting results have been found in the study carried out by Malerba 
et al. (Malerba et al. 1993). They have reported that the intraclass correlation coefficient 
in obtaining the eccentric peak toque was ranged from 0.44 to 0.90. Similar result has 
been reported in the study carried out by Mayer et al. (Mayer et al. 1994). The variability 
of eccentric measurement of shoulder muscles was found to be ranged from 24 to 34.7. 
As mentioned in the previous session that the difference in the testing protocol may 
explain for the variation found in the reliability of the eccentric isokinetic testing of 
shoulder rotators. 
The variation in the reliability of both concentric and eccentric isokinetic testing 
of the shoulder rotators has reflected the need to validate each testing protocol as the 




































































































































































































































































































































































































































































































































































































































































































































2.4.3 Agonist / Antagonist Torque Ratio 
Isokinetic testing provides us with a reliable and quantitative measurement of 
muscle strength. As mentioned in session 2.1.2.1, single muscle alone is unable to produce 
a synchronized movement. Muscles therefore work in a couple and the balance between 
the agonist and the antagonist is essential in both creating movement and maintaining the 
dynamicjoint stability. Knowing the strength alone is unable to assess the balance between 
the agonist and the antagonist. With the isokinetic torque ratio, the status of the balance 
between the agonist and the antagonist can be assessed. 
The strength ratio between the external and the intemal rotator has been regarded 
as the function of the dynamic stability of the shoulder joint (Perry 1988) and has been 
adopted by various authors in reporting the balance between the two rotators of the 
shoulder (Alderink & Kuck 1986, Cook et al. 1987 Wamer et al. 1990 McMaster et al. 
1991 Tata et al. 1993 Wilk et al. 1993, Leroux et al. 1994, Mikesky et al. 1995). 
The peak torque ratio between the extemal rotator to the intemal rotator (EE7ER) 
ranged from 60% to 80% (Chan et al. 1996). The ratio is established by comparing the 
peak torques of the two muscles either concentrically or eccentrically and has no 




In the late cocking phase, the internal rotators contract eccentrically to decelerate 
the external rotating shoulder and prepare it for the acceleration phase (Jobe et aL 1984, 
Gowan et al. 1987, Glousman et aL 1988 Ryu et al. 1988). Similarly in the deceleration 
phase, the external rotators contract eccentrically to decelerating the fast moving arm 
across the.body after the ball leaves the hand or impacts with the racquet (Jobe et al. 1983, 
Gowan et al. 1987, Lee 1995). This kinesiological observation supports the idea of 
reporting the eccentric antagonist to concentric agonist ratio when examining the balance 
/ 
between the shoulder rotators (Perrin 1993 Kellis & Baltzopoulos 1995). 
With the joint range specified, the ratio between the eccentric antagonist to 
concentric agonist theoretically reflects more about the demand for the balance between 
the shoulder rotators in different phases ofmovement. 
2.4.4 Variation of torques with testing protocol 
The torque ratio is established by the muscle torques that vary with the testing 
protocol such as the testing position and the testing speed. The change of the muscle 




2.4.4.1 Variation of muscle torques with plane oftesting 
The glenohumeral joint is a ball and socket joint possessing with three 
physiological planes of movements namely the saggital plane, the frontal plane and the 
horizontal plane. Poppen & Walker have suggested that the true plane ofmovement is the 
scapular plane where most of the functional movements take place and minimal stress is 
experienced by the shoulder (Poppen & Walker 1976). 
Various authors have therefore carried out both the isokinetic testing and the 
rehabilitation in the scapular plane to minimize the stress on the shoulder (Waren et aL 
1990, Leroux et aL 1994). Some authors have conducted the isokinetic testing ofshoulder 
rotators in the saggital plane with 90° shoulder abduction to resemble the shoulder 
position in most of the sporting activities (Wilk et aL 1993). The neutral position has also 
been used in isokinetic testing of shoulder rotators (Frisiello et al. 1994). 
Stabilization of the trunk to ensure pure shoulder movement is another 
considering factor in the selection of testing positioning. Testing in supine provides better 
stabilization for the trunk and has been adopted in various studies QS[g and Kramer 1991, 
Frisiello et aL 1994). 
Shoulder rotators have been investigated isokinetically in various planes of 
movements (Wahnsley & Szybbo 1987 Soderberg 8c Blaschak 1987 Hageman et al. 




absolute peak torques of the shoulder rotators in between two positions. They have found 
that both the concentric and eccentric strengths of the extemal rotators in both genders are 
stronger in 45° shoulder abduction than that in 45° forward flexion. Significant difference 
between the two positions has also been found in the eccentric contraction of the internal 
rotator amongst the female subjects (Hageman et al. 1989). 
Walmsley & Szybbo have compared the peak torque of the shoulder rotators 
measured in neutral position with that measured separately in 90° shoulder flexion and 
90° shoulder abduction. They have reported that the peak torque of the internal rotator 
was significant higher in the neutral position than in 90 shoulder abduction. Also, 90° 
flexion is the position for the extemal rotator to generate higher peak torque when 
compared with that measured in the other two positions (Walmsley & Szybbo 1987). 
Similar to the study carried out by Waknsley & Szybbo Soderberg & Blaschak 
have obtained highest torque for the internal rotator in the neutral position. However, the 
highest extemal rotatory torque was obtained in 90° shoulder abduction (Soderberg & 
Blaschak 1987). Greenfield et al. have compared the peak torque expressed in percentage 
of body weight amongst the scapular plane and the frontal plane. Significant difference 
between planes has been found in the extemal rotator but not in the internal rotator 
(Greenfield et al. 1990). 
The muscle strength is depended on the size of muscle, the muscle length of 




The muscle strength is depended on the size of muscle, the muscle length of 
contraction and also the orientation of the muscle with the joint (Jobe 1991). The 
difference in the muscle torque obtained in different positions can be explained by the 
lengthAension ratio relationship (Walmsley & Szybbo 1987 Soderberg & Blaschak 1987, 
Ng & Kramer 1991). In the scapular plane, the lengthAension is optimal for the external 
rotator but not for the internal rotator and so stronger external rotatory torque has been 
obtained in this position. ’, 
No single testing position is available in obtaining maximal strength for both the 
intemal and the extemal rotator (Soderberg & Blaschak 1987). The choice of testing 
position is governed by the balance between the objectives of the study or assessment and 
the condition of the subjects. For example, testing of the shoulder rotators in 90 
abduction may resemble the shoulder position in the overhead sports athletes but may not 
be tolerated by the subject with shoulder pathology. Hence testing in the scapular plane is 
indicated when patient is involved. Also, the effect contributed by the testing position 
should be considered when comparing data from different studies. 
2.4.4.2 Variation of muscle torques with testing speed 
The testing speed adopted in various isokinetic testing of shoulder rotators ranged 
from 307sec to 3007sec. Results have showed that the concentric isokinetic strength of 




Soderberg & Blaschak 1987, Hanten et al. 1988, Chandler et al. 1988 Cahalan et al. 
1991, Wilk et al. 1993) whereas the eccentric torques of the shoulder rotators has been 
found to increase or remain unchange with increasing testing speed (Hageman 1989 
Frisiello et al. 1994 and Tata et al. 1993). 
The test speed exerts different effects on the isokinetic strength of the shoulder 
rotators measured both concentrically and eccentrically., This can be reflected in the 
change of the concentric and eccentric ERyTO. peak torque ratio with different testing 
speeds. Tata et al. have reported that at the test speed of 1807sec, a group of healthy 
subject can generate higher concentric ER/Hl peak torque ratio than that in 907sec (Tata 
et al. 1993). In the same study, significant difference in the eccentric torque ratio has also 
been reported when comparing the ratio obtained in different test speeds. However, 
Brown et al. have demonstrated no significant difference in the concentric strength ratios 
in a group ofbaseball players at the test speed of 180°, 240° and 3007sec (Brown et al. 
1988). 
Effect of testing speed should be considered when comparison of the strength 





2.4.5 Comparison of muscle torques in different groups 
By comparing the data with the non-athletes, the training induced effect and the 
demand for the muscle in athletes can be assessed. This information is valuable in 
designing training programme and rehabilitation programme for the injured athletes. The 
pathological muscle performance can also be assessed by comparing with the normal data 
that assist in diagnosis. , 
In the following sessions, the variation of the isokinetic strength of the shoulder 
rotators amongst the overhead sports athletes and patients possessing with shoulder 
pathologies are reviewed. 
2.4.5.1 Strength pattern in different overhead sports 
Incidence of shoulder pathologies amongst the overhead sports athletes is high 
(Priest & Nagel 1976, Fleisig et al. 1995). The frequent, rapid, forceful and large range 
movements involved in this kind of sport may related to such a high incidence rate (Hinton 
1988 Ng and Kramer 1991, Chandler et al. 1992, Wilk et al. 1993). A balanced 
contractions of the shoulder muscles is essential to this group of athletes. The imbalanced 
contraction of the shoulder muscles will upset the movement mechanics and the altered 
i 
mechanics will further increase the stress on the shoulder and eventually results in shoulder 




Various overhead sports have been studied and comparisons have been made 
between the two sides of the athletes and between the athletes and non-athletes subjects 
(Alderink and Kuck 1986, Cook et al. 1987, Hinton 1988 Brown et al. 1988 McMaster 
et al. 1991 Ng and Kramer 1991 Chandler et al. 1992, Wilk et al. 1993, Mikesky et al. 
1995). The strength parameters such as the peak torque (PT), the average torque and the 
agonist/antagonist torque ratio of the shoulder muscles in the pitchers (Alderink and Kuck 
1986 Cook et al. 1987, Hinton 1988, Brown et al. 1988 and Wilk et al. 1993) the tennis 
players fNg and Kramer 1991, Chandler et al. 1992) and the water polo players 
(McMaster et al. 1991) have been studied selectively. 
Bilateral discrepancy 
The PT of the internal rotator on the dominant side of the athletes is 
stronger than that of the non-dominant side (Hinton 1988 Chandler et al. 1992). 
Stronger PT of the extemal rotator on the dominant side has also been reported 
(Hinton 1988, Ng and Kramer 1991). Cook et al. has investigate the isokinetic 
peak torque ratio (PTR) of the extemal rotator and the intemal rotator (ER/ER). 
Lower PTR has been reported on the dominant side of the collegiate pitcher when 





On contrary no difference between the two sides has been reported in the 
strength parameters of the shoulder rotators in a group ofpitchers (Mikesky et al. 
1995). Some studies have even reported stronger extemal rotator on the non-
dominant side ofthe healthy young pitchers (Alderink and Kuck 1986 Wilk et al. 
1993). 
Difference between overhead spnrfs athletes ^ d non-athleteg 
For the comparison between the athletes and the non-athletes, Cook and 
associates have compared the shoulder strength between the pitchers and the 
normal subjects. They have found that the PTR between the two rotators (EMR) 
for the pitchers was lower (Cook et al. 1987). Brown and the co-authors have 
studied 41 baseball players and have reported that the pitchers have stronger 
muscle strength for both intemal and extemal rotators than the position players at 
the test speed of 180 /sec 240%ec and 3007sec (Brown et al. 1988). McMaster 
and associates have demonstrated that the water polo players have stronger angle 
specific torque for both intemal and extemal rotators when compared with that of 
non-athletes at the test speed of 307sec (McMaster et al. 1991). 
However Ng and Kramer find no significant difference between female 
tennis players and non4ennis female players in both the peak torque and the 




In general, the strength of the shoulder rotators especially for the internal rotator 
on the dominant side of the overhead sports athletes is stronger than that of the non-
athletes. However the strength difference between the overhead sports athletes and the 
non-athletes is larger in the strength of the internal rotator than that in the external rotator. 
Such phenomenon can explain the lower ER/ER. ratio found in the overhead sports 
athletes. , 
2.4.5.2 Strength pattem in symptomatic shoulder 
Imbalance of the intemal rotator and the extemal rotator has been regarded as one 
of the etiologies for shoulder pathologies (Pappas et al. 1985, Alderink & Kuck 1986, 
Hinton 1988, Bumham et al. 1993, Leroux et al. 1994). Limited studies are available on 
this aspect. Wamer and associates have carried out a study of testing the range of motion, 
joint laxity and isokinetic strength of the shoulder rotators between normal subjects and 
subjects with shoulder pathology (Warner et al. 1990). They have examined the isokinetic 
torque ratio and the total work ratio of the intemal rotator and the extemal rotator 
(ER7ER). Results have shown that those those with impingement have higher ratio whereas 
those with shoulder instability have lower ratio. They have suggested that the weakness of 
the intemal rotator is related to the anterior instability whereas weakness in the external 





Similar to the study carried out by Warner & associates Leroux and co-authors 
have demonstrated that those with shoulder impingement have weaker shoulder rotators 
when compared with the normal subjects (Leroux et al. 1994). The WJER was lower on 
the involved side when compared with the normal side or with the normal subjects. 
Although the results from the two studies differ, the results may still reflect the fact 
that larger discrepancy between the strength of the rotators is likely to result in shoulder 
pathology or may further worsen the situation in the overhead sports athletes. 
Bumham et al. have demonstrate different patterns of muscle weakness in a group 
of wheelchair athletes. The wheelchair athletes in general have stronger shoulder 
musculature than that of the normal subjects especially for the abductor. The significant 
difference in abduction/adduction ratio reflects the fact that the discrepancy between the 
abductor and the adductor is larger in wheelchair athletes. Such discrepancy is even larger 
in those possessing shoulder impingement. Bumham et al. have concluded that weakness 
in the adductor relative to abductor is the potential cause of shoulder impingement in the 
wheelchair athletes and also strengthening of shoulder adductor is a preventive measure 





2.4.6 Isokinetic eccentric contraction of shoulder rotators 
It produces greater torque than the concentric contraction in the same velocity 
(Komi & Rusko 1974 Ng & Kramer 1991 and Malerba et aL 1993) and has been found to 
have mechanical fatigue rate higher than that of the concentric contraction in the same 
velocity Q^orm & Rusko 1974). For the strength difference between the agonist and 
antagonist, the eccentric strength of the intemal rotator is stronger than that of the 
extemal rotator fNg & Kramer 1991, Malerba et al. 1994). 
Since limited studies are available, more information is required to draw a concrete 
conclusion about the characteristic of eccentric isokinetic performance of the shoulder 
rotators. 
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3 Design of study 
The main objective of the present study was to introduce the angle specific mode 
specific torque ratio (ASMSTR) in assessing the balance between the shoulder rotators . . 
The study is divided into two consecutive parts and the subjects involved in each part 
were independent from each other. 
Part one of the study aimed at evaluating the reliability of the protocol in obtaining 
the peak torque (PT) and the angle specific torque (AST) for both the internal and the 
external rotators of the shoulder. The correlation between the peak torque ratio (PTR) and 
the ASMSTR was studied also in Part I to evaluate the validity of predicting the ASMSTR 
from the PTR. Part two was the main part of the present study_ The balance of the 
shoulder rotators amongst the athletes and the non-athletes subjects were investigated 
with reference to the ASMSTR. 
3.1 SUbject 
3.1.1 Part One 
Sample size of 38 subjects were required to examine the test-retest reliability in 
obtaining the concentric and eccentric peak torque (PT) and the angle specific torque 
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(AST). It was estimated that the correlation between the first and second test was ranged 
from 80% to 90% with alpha level at 0.05. The formula for the calculation was: 
n J - ^ T . 3 0 ; Z L = i l n [ l ^ ] ; Z . ^ J ^ l 
L z u _ z j ‘ 2 L l - P j 2 Ll-Pu_ 
Young healthy Chinese with age under 30 were invited by sampling of 
convenient. Information concerning the medical history and the frequency ofparticipation 
in the overhead activities were collected. Subjects who had no history of complain over 
the shoulder and neck region and did not ever participate in any training involving the 
upper arm for more than 6 hours a week are recruited. 
3.1.2 Part Two 
The size of subject required to examine the deference in the PTR between the 
athletes and the non-athletes group was estimated to be 28 in each group. The estimation 
was based on the study carried out by McMaster and associates with the estimated mean 
ratio equaled to 0.65 and 0.55 and the standard deviation equaled to 0.14 and 0.15 
respectively for the non-athletes and athletes. The formula for calculation is: 
r n2 
2<j2 Zj_^ +Zi_p 
n == r 
O i l l 2 ) 2 
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Two groups of subjects, the athlete and the non-athlete group were involved. The 
athletes were recruited from the Badminton Division in the Hong Kong Sports Institute on 
voluntary basis and the non-athletes were recruited by sampling of convenience with age 
matched with the athlete group. 
5.1.3 Criteria for subject recruitment 
> 
Nine Point Test C^eer 1985); Apprehension test (Gerber & Ganz 1984); Test for 
shoulder impingement (Hawkins & Kennedy 1980) and Test for shoulder instability 
(Gerber & Ganz 1984) were conducted on all subjects in both part one and part two. No 
test would be given to those with positive finding in either test. The non-athletes were all 
free from history of shoulder or neck problem and the athletes were not affected by any 
kind of shoulder problem upon the test. 
3.2 Equipment 
3.2.1 Information concerning the hand dominance, the medical history, the history of 
.shoulder problem, frequency of participation in sports, frequency and duration of 
training 
Information concerning the hand dominance, medical history; history of shoulder 
problems; frequecny of participation in different kinds of sports; the frequency and 
duration involved in such kind of sports, were covered in a standard questionnaire 
(Appendix 1). Detail information concerning the training programme for the athletes was 
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also covered in the questionnaire. The dominant side was defined as the side to hold the 
racquet. 
“ 3.2.2 Test for general laxity 
The general laxity was assessed by the Nine Point Test QN[eer 1985). Five items 
were covered on both sides and one point was scored for each positive finding. The 
criteria of grading positive and negative was illustrated in Figure 19 - 23. Those who 
scored more than four points was classified as positive in the general laxity test. 
^ H p n 
^ ^ ^ ^ ^ f ^ J ^ ^ ^ ^ 
^ ^ ^ ^ ^ ^ ^ ^ H ^ ^ H ^ w / ^ " l _ J ^ ^ 
|g | | |Hj |gg|m|^j^8l^f |^tlt^|^^T|- |,,,,,,:g ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ " " " " ' ^ ^^jH 
^ ^ ^ ^ ¾ i ^ ^ ^ ^ - ^ 
; ^^g?=^^^^^^^*""^ • h 
! . : : ' _ ^ ^ 1 ' " _ • 
^ - --... —-_. -- - ' I "^"***>^ 
\ _ ^ > ^ 
Fig. i9a Positive sign ofNine-Point Test (Extension of 5th MTP Joint > 90°) 
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Fig. 19b Negative sign ofNine-Point Test (Extension of5th MTP Joint < 90°) 
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Fis. 20a Positive sim ofNine-Point Test (Abduction ofThumb touching the Forearm) 
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Fig. 20b Negative sign ofNine-Point Test 
(Abduction of Thumb unable to touch the Forearm) 
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Fig. 21a Positive sign bfNine-Point Test (Elbow extension > 10 
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Fig. 21b Negative sign ofNine-Point Test (Elbow extension < 10°) 
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^ ^ ^ V Fig. 22b Negative sign ofNine-
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3.2.3 Test for shoulder impingement 
The impingement tests with shoulder in neutral and internal rotated position were a 
sensitive test commonly practised in clinical setting (Hawkins & Kennedy 1980). The test 
was first performed in neutral position and then with the shoulder internal rotated. Positive 
sign was defined as evoke of pain during the test. Figure 24a and 24b showed the 
performance ofthe test. 
s 
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. _ : ::_:: ^ ^ ¾ _ 
, ^ ^ ^ W F -
^¾ 
f ^ m ^ 
^^ . x ^ ^ W P 
I X , 
^ g ^ 1 ^ ^ ^ ^ H ^ H ^ ^ H H p Fig. 24a Impingement test 
^ ^ ^ H H ^ ^ ^ ^ * * ^ O^eutral Rotation) 
0 f c — .’ i S B B B B K i s ^ d 
_ - ; 
E ^^rm^^K|^ 
m m t m | ^ F _ ^ 
^ ( | ^ ^ n 
• B g ^ ^ ^ ^ ^ l ^ H Fig. 24b Impingement test 
: ' ^ ^ ^ H n ^ ^ ^ 9 ^ ^ H H (Internal Rotation) 
" ^ H F 
^ : ^ I ^ V 
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3.2.4 Test for shoulder instability 
The apprehension test (Fig. 25) and the anterior draw test (Fig. 26a) are the test 
for anterior instability whereas the posterior draw test (Fig. 26b) is the test for the 
posterior instability (Gerber & Ganz 1988). The apprehension test is performed with the 
shoulder in 45°, 90° and 120 shoulder abduction. Positive finding was defined as subject 
complaining of pain or showing apprehension to the test. For the anterior and posterior 
draw test, positive finding was defined as displacing the humeral head respectively to the 
anterior and posterior direction. 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ E p ^ ^ ^ ^ ^ ^ ^ H 
^ ^ B | B ^ ^ ^ ^ 
pP> 
• : ; .^ 
Fig. 25 Apprehension Test performed in 120 Shoulder Abduction 
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^g&^ ^ ^ ^ ^ ^ ^ ^ ^ K \ [ \: ―^ 
lM^. 
^ P H I H ^ ^ ^ ^ | ^ ^ ^ ^ ^ ^ ^ 
, . ' . ^ ^ ^ ^ ^ ^ ^ ^ 
Fig. 26a Anterior Drawer Test 
W] 
K f / 
^ | ^ ^ 
^ ^ ^ ^ ^ H | | ^ ^ I ^ 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 1 / ^ Drawer Test 
.^^^^^^H^H^^^BP, 
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3.2.5 Joint range measurement 
The range ofmovement ofshoulder internal and external rotation were measured 
. b y a hand held gomometer (TEO, Clifton, New York, U.S.A.) with shoulder abducted to 
90 (Amencan Academy of Orthopaedic Surgeons 1965) (Fig. 27). The olecranoid 
process was the reference point for the placement of the axis of the gomometer. The 
stationary arm was positioned in parallel with the plinth and the movable arm was parallel 
with the long axis of ulnar. Three measurements were taken and the median was 
recorded. 
^ R i ^ ^ ^ H i m ^ i 
B ^ ^ ^ ^ l ^ ^ l 
^ ^ ^ ^ ^ ^ ^ f f , 
^ ^ ^ ^ ^ ^ ^ ^ ^ Hk-
^ ^ ^ ^ ^ ^ t t ^ K ^ , \ ^-::^i^m^mm 
^^^^^^^^^^^^BBSBBBSSBS^ V -^.T-: t • ^ 3 ^ ^ ^ ^ ^ W ^ ^ ^ ^ ^ ^ B 
^ ^ ^ ^ ^ ^ m ^ ^ s f l H 
^^^^^^^^^^^^^^^^^^^^^H^^^^^^^^^^^^ |^^ ^Ht- g^^ -S^ T^^ SSiSB^ Bj^ ^^ ^^ ^^ ^^ ^^ ^^ B^ 
^ ^ ^ ^ ^ ^ ^ ^ ^ • ^ ^ • ^ & ^ ^ ^ ^ S ^ ^ ^ ^ H 
^^^^^^^^^^^^^^^^^^^^^^ |^^ ^B^^^H^^HHHBk^‘ lBS89S9SEBBBHII^ ^HHHH I^ 
Fig 27 Joint range measurement for shoulder rotation 
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3.2.6 Isokinetic strength of the shoulder rotators 
Cybex 6000 (Division of Lumex Inc.) and the Upper Body Exercise Table 
(U B X T ) were used to assess the isokinetic strength of the shoulder r o ^ F i g . 28, 
. ) . H w _ — . \ n ^ 
’ . ^ — 4 > _ . % 
I _ : :i_ _ 'T% ^ g m m -1 
r . U / ; i ^ 1 1 
y ^ s ^ j j ^ g ^ 
' ^ k w B w j . C i _ i B f c I ^ | ^ ^ ^ ^ ^ ^ ^ ^ ^ | ^ ^ ^ 
^ ^ ^ ^ ^ ^ ^ s ^ s ^ ^ ^ ^ ^ ^ ^ ^ 
l ^ ^ ^ ^ ^ 5 ^ ^ H S 
: : p ^ w ^ 
^^ 
Fig.29 Accessary for Isokinetic Testing of Shoulder Rotators 
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3.3 Calibration 
The isokinetic machine used in the present study was calibrated regularly by the 
technician from the sole agent. 
3.4 Testing procedure 
f 
The study was consisted of two consecutive parts. Part one investigated the test-
retest reliability ofthe isokinetic test and so all subjects in the part one should participated 
in two identical isokinetic tests. The objective of the part two was to investigate the 
balance ofthe shoulder rotators with the ASMSTR, only one isokinetic test was required. 
Below listed is the flow chart of the whole study. 
Recruitment of subjects Recruitment of subjects 
• * • 
« • 
^ ~ ^ 




• i :ii 
Explanation and warning given, obtaining consent 
I i 
Warming up for shoulder muscles 
^ ^ ^ ^ ^ ^ ^ ^ ^ " 
• 
• 




Isokinetic testing of shoulder rotators 
.‘ 
Second Isokinetic test | , ' • ^ Part One 
^ ^ - - ^ ^ . ^ ^ , ' • , Part Two 
,^^ ‘ ^ 
Data Analysis ‘ ^ 
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3.4.1 Explanation, lvarning and consent 
Brief introduction on the aim of the study was given to all subjects. The following 
explanation and warning would be given (those wording included In the bracket were 
exempted in the instruction to the subject in Part two): 
Before the strength test, you are requested to peJjorm a set of warm up as shown 
l 
on this sheet (Appendix 2). After that, I will measure the rotational range for your 
shoulders with the goniometer in lying with your face up and shoulder lifts up sideways to 
90°. I will also perform some tests on your shoulder to rule out some potential shoulder 
pathologies. 
When you are ready, you will be positioned on this U.B.X T. for isokinetic testing 
with the shoulder positioned as in the joint range measurement. Isokinetic testing nleans 
testing with constant speed The machine will exert an acconlmodating force to resist 
your effort so that the speed is maintained Test speed of (60 0/sec and) 1200/sec will be 
covered and you are requested to exert your maximal force as instructed throughout the 
test for five repetitions in each speed. (Thirty seconds were available before change of 
speeds and) five minutes rest was available between change of sides. 
Your internal rotator on the dominant side will be tested first for the speed of 
(60 0/sec and test will progress to the speed of) 1200/sec. The test will then progress to 
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your nOll-donlinant side and same sequence of test will also be covered for the external 
rotator. Before the actual recording, a trial session is available to allow you to 
familiarize "with the type of contraction required . . You shouldfeel no discomfort during 
the test, all you feel is strenuous contraction "which is equivalent not more than Level 3 
on the pain scale. If you have any query or discomfort, you should let me knov; at once. 
Don't tolerate excessive discomfort and you are free to withdraw from the test at any 
time. You may experience some muscle soreness day after the test which will gradually 
I 
subside within few days. (You are also requested to attend an identical isokinetic test a 
week after.) All the data obtained will be disclosed in a group data with nunlber assigned 
to each subject. Do you agree to join the test? 
F or the subjects involved in part one, they were requested to join another 
isokinetic test a week after the first test. The subjects were advised not to participate in 
any vigorous sports in the presence of muscle soreness. 
3.4.2 Warming Up 
Test was continued only after the subject consented to join. Before the isokinetic 
testing, the demographic data and information concerning the medical history and the 
activity level were being collected. Subject was then requested to perform a set of warm 
up for the shoulder muscles, printed instruction and illustration" were available for 




No subject with history ofmajor operation or systemic disease was recruited for 
the study. The subjects in the part one and the non-athlete subjects in the part two should 
have no history of any shoulder or neck problem. The athletes in part two were not 
affected by any o f the present or previous shoulder problem and they were practising in 
their full capacity. , 
Test for general laxity (Fig. 19 - 23), Shoulder impingement (Fig. 24) 
Apprehension test in 45 90 and 120 shoulder abduction (Fig. 25) and and instability 
(Hg. 26) were also conducted to confirm the condition and the stability of the 
glenohumeral joint. 
5.4.4 Isokinetic testing of the rotational strength of both shoulders. 
3.4.4.1Positioning 
The subject was tested in short-sleeve T-shirt and was positioned in crook lying 
with shoulder abducted to 90° and elbow flexed at 90° (Fig. 30). The thigh support ofthe 
U.B.X.T. was adjusted to the highest position that the hips and knees were slightly bent. 
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. ^ ^ H f ^ ^ ^ 
m ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ’•:’ ' !:’ j 
^ f fc^^^ 
^ A P i _ r ' 
‘‘.,.=:—®iS ^ ^^ 
J ^ N ^ ^ 9 
Fia 30 Position for Cybex testing of Shoulder Rotators mmmm 
^ ^ - ^ ^ ^ f c i # ' ^ ^ ^ ^ 
^mw 
w^ B H 3 M I Fig. 31 Foot Rest and Thigh Support in U.B.X.T. 81 
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The shoulder is positioned in abducted position with the elbow supported in the 
Elbow Stabilizing Pad. The movement axis was adjustedto the axis ofthe dynamometer. 
The length ofthe movable arm was adjusted to accommodate the forearm ofthe subject. 
The subject was requested to grip onto the handle attached at the end ofthe movable arm 
(Fig. 32). 
^^E> | 
H l ^ 1 
^ 
f^^^^^^^^^^^m^^^^^^^^^^^^^^^^^^B| 
2 | | | | | | | g | j | | | | ^ ^ ^ ^ ^ ^ P ^ ^ ^ Fig. 32 Adjusting the length of 
• ^ ^ — 
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Another handle was secured on the non-test side for the subject to hold onto 
during the test (Fig. 33). Three velcro straps were applied over the chest, pelvic and 
elbow region to secure the subject on the U.B.X.T. (Fig. 34). 
The height of the dynamometer was adjusted so that the humerus was parallel 
with the level ground (Fig. 35) The joint axis and the axis of the dynamometer was 
coincide with each other. The subject was then asked to perform few free movements and 
reported for discomfort. The U.B.X.T. was locked i fno further adjustment was required. 
^ ^ 
& r : ^ ^ H H B l ^ ^ ^ ^ ^ ^ ^ ^ l i K t S K t M 
mSm 
Fig. 33 Handle for non-test side 
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! ! ^ ^ ^ ^ ^ ^ ^ ^ M H H ^ H V ( ‘ _ ° ^ ^ ^ H H ^ ^ ^ ^ ^ | 
M ^ n 
T ^ H 
B B ^ —_—_. _ ^ ^ ^ _ ^ i ^ J H ^ ^ S B ^ H 
Fig. 34 Velcro Straps for Stabilization 
1 ^ ^ r a 
W^Jm 
5 ^ r * ^ J -
^ ^ m m | ^ ^ | m ‘ • • 
flHMK 
Fig. 35 Adjusting the Height o f D y n a m o m e t e r 84 
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3.4.4.2 Testing Protocol 
The testing protocols of the part one and part two were summarized as follow:-
Part One Part Two 
Testing Speed 60o/sec; 120O/sec 120o/sec 
Continuous Concentric- Continuous Concentric-
Testing Mode Eccentric Eccentric 
U:nlimited repetition of Unlimited repetition of 
Trial Session submaximal exertion submaximal exertion 
Between 2 test 
30 seconds Not applicable Rest Period speeds 
Between 2 sides 5 !vIinutes 5 Minutes 
Between 2 
5 Minutes 5 Minutes 
muscles 
In part one, both 600/sec and 120o/sec were used as the testing speed for the 
shoulder rotators whereas only 1200/sec was used in part two. Except for the testing 
speed, same testing protocol was adopted in both part one and part two. 
3.4.4.3 Instruction and Verbal encouragement 
Wordings of" pushing the handle towards the feet" and" keeping the handle at the 
_foot direction" was given to instruct the subject to perfonn respectively the conceritric 
and eccentric contraction of the internal rotator. Wordings of "pulling the handle towards 
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the head’ and “ keeping the handle at the head direction" was given for the concentric 
and eccentric contraction of the external rotator. 
During the test, command of “push” was used to prompt for concentric 
contraction of internal rotator and “ pull ’ was used for concentric contraction of external 
rotator. Command of “ hold" was used to prompt for eccentric contraction of both 
internal and external rotator. 
3.5 Operator 
In order to avoid inter-tester variation, a trained physiotherapist was responsible 
for all data collection in both part one and part two 
3.6 Data Management 
I 3.6.1 Part One 
The distribution of age, genders, hand dominance and range of motion for the 
shoulder rotation were studied and analyzed descriptively by the SPSS window version 
6.0. The concentric and eccentric peak torques (PT) and the angle specific torques (AST) 
of both the intemal and external rotators, measured at 30° shoulder intemal rotation; 30°, 
40° and 50° shoulder extemal rotation were obtained from the computer print-out. 
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The test-retest reliability of the isokinetic test of the shoulder rotators was 
analysed by the Intra-Class Correlation CoefFicient (ICC2-l) as it is an effective statistical 
way to analyzed the reliability or error in measuring sets of ratings obtained from multiple 
judges or tests (Shrout & Fleiss 1979). The peak torques and the angle specific torques 
obtained from the first and second isokinetic tests were assessed by a computer 
programme written with reference to a published article ^Shrout & Fleiss 1979). Good 
test-retest reliability was defined as ICC equaled to or larger than 80 % with type I error 
contributed not more than 5% to the main effect. The ICC in obtaining the concentric and 
eccentric PT and the AST obtained in various angles were calculated. 
The correlation between the concentric peak torque ratio (PTR) of the external 
rotator to the internal rotator and the angle specific mode specific torque ratio (ASMSTR) 
of the eccentric antagonist and the concentric agonist on both sides and in both genders 
were assessed by the Person's Correlation Coefficient computed by the SPSS window 
version 6.0. Both the mean PTR and the mean ASMSTR were used for computation of 
the correlation coefficient. The mean was calculated by taking the average of the 
corresponding ratio obtained from the first and the second test. Good correlation was 
defined as coefficient not less than 0.8 with not more than 5% contributed from random 
effect. Detail description of the PTR and ASMSTR were listed as fo l low:-
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Ratio between the concentric peak torque of extemal rotator 
PTR and the concentric peak torque of the intemal rotator 
(ERyOR) 
Ratio between the eccentric angle specific torque of the 
Ac\/rcTTD AOArc^Ti^n intemal rotator and the concentric angle specific torque of 
AoiVio 1K AbMblJK4"U 1 , . , , , , . ^ o , ,, 
\ t h e external rotator with both measured at 40° shoulder 
external rotation 
ASMSTR30 ^ i o between the eccentric angle specific torque of the 
external rotator to the concentric angle specific torque of the 
intemal rotator with both measured with shoulder internally 
rotated to 30° 
3.6.2 Part Two 
The subjects were grouped according to their activity level and the demographic 
data of the sujbects were analysed descriptively by the SPSS window version 6.0. The 
bilateral data of the concentric and the eccentric PT and AST measured with the shoulder 
internally rotated to 30° and externally rotated to 40 were obtained from the computer 
print-out and were analysed descriptively by SPSS, window version 6.0. The concentric 
PTR and the ASMSTRs were calculated same as part one, described in section 3.6.1. 
I 





The differences of the PTR and ASMSTR between the athletes and the non-
'i 
! -
i athletes and between the dominant and the non-dominant side were compared by the 
:| _ 
:i 2-Way ANOVA stratified by sex if the data were normally distributed and with equal 






4.1 Part One 
The objectives of this part of study were 1) to fmd out the test-retest reliability 
in obtaining the isokinetic strength peak torques (PT) and the angle specific torques 
(AST) and 2) to investigate the correlation between the concentric peak torque ratio 
OPTR) and the angle specific mode specific torque ratio (ASMSTR). 
Thirty-one subjects (16 males and 15 females) who had no previous injury 
over either the shoulder or neck region had been tested. None ofthem participated in 
regular sports for more than six hours per week and they all had no previous 
experience of isokinetic testing of shoulder muscles. 
Amongst these 31 subjects, none of them were test positive in the screening 
tests. Three of them were left-handed and Table 2 showed the distribution of age and 
range of movement for both the intemal and the extemal rotation on both sides. 
Male (n = 16) Female (n=15) | 
Mean Standard Error Mean Standard Error 
AGE 24.31 2.8 23.87 ^ 1 
Memal Rotator Dom 46.56 8.11 48.93 8.14 
N-Dom 47.81 8.56 52.21 ^ 
Extemal Rotator Dom 71.56 7.9 81.14 10.59 
N-Dom 71.00 8.02 79.29 10.54 




Sixteen males with age ranged from 20-28 years old and 15 females with age 
ranged from 20-27 years old had been tested. The age range in both genders were 
similar but females subjects tended to have larger range for shoulder rotation especially 
for the external rotation (81.14 and 79.29 respectively for the external rotation on 
dominant and non-dominant side in the female subjects and 71.56 and 71 for the male 
subjects). 
} 
4.1.1 Intra-class correlation Coefficient 
The intra-class correlation (ICC2-1) of the concentric and eccentric PT and 
AST produced at 30° intemal rotation; 30°, 40° and 50° external rotation of both the 
internal and external rotators on both sides were shown in Table 3. 
On average, the test-retest reliability in obtaining the isokinetic strength 
parameters with present protocol was > 80 % with a value equalled to 0.05. Particular 
low coefficient 0.6961 and 0.5454 was found for the eccentric AST of the internal 
rotator measured respectively at 40° and 50° external rotation at the test speed of 
607sec. The ICC2-1 of the eccentric AST of the intemal rotator on the non-dominant 
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4.1.2 Correlation between Peak Torque Ratio and Angle Specific Mode Specific 
Torque Ratio 
The concentric peak torque ratio (PTR) was defmed as the ratio between the 
PT of the concentric contraction of the external rotator to the concentric PT of the 
intemal rotator ^:Rym). The angle specific mode specific torque ratio with shoulder 
externally rotated to 40° (ASMSTR40) was defmed as the ratio between the eccentric 
AST of the intemal rotator to the concentric AST of the external rotator measured 
with the shoulder externally rotated to 40 . The angle specific mode specific torque 
ratio with shoulder internally rotated to 30 (ASMSTR30) was defmed as the ratio 
between the eccentric AST of the external rotator to the concentric AST ofthe intemal 
rotator measured with the shoulder internally rotated to 30°. 
The results of the correlations between the PTRs and the ASMSTRs were 
summarized in Table 4. No significant correlation was found between the PTR and the 
ASMSTR in the female subjects regarding the sides and the angle ofmovement where 
the ASMSTR was obtained Op < 0.05). Significant correlation was found between the 
PTR and the ASMSTR in the male subjects with coefficient ranged from -0.6204 
--0.7664. Insignificant correlation was found between the PTR and the ASMSTR30 






with with with with 
ASMSTR30 ASMSTR40 ASMSTR30 ASMSTR40 
Male r = -0.0475 r = -0.7664 r = -0.6624 r = -0.6204 
n=16 p = 0.8670 p = 0.001* p = 0.005* p = 0.01* 
Female r = -0.0184 r = -0.4877 r = -0.2113 r = -0.5022 
n=15 p = 0.948 p = 0.065 p = 0.45 p = 0.056 
n = number of subjects r = correlation coefficient p = probability 
* p < 0 . 0 5 
Table 4 Correlation between PTR with ASMSTR measured at 3 0°JR and 40 ER 
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I Part Two 
1 
4.2 Part Two 
i 
i i 
I Ten Hong Kong Badminton Team (HKT) members, 12 Hong Kong National 
i Junior Badminton Team (HKJ) members and 34 normal subjects were volunteered to join 
the part two ofthe study. The subjects were divided into groups according to the activity 





Majority of the subjects had no experience with isokinetic testing of shoulder 
rotators. Some of the subjects in the HKT had previous experience of concentric 
isokinetic testing of shoulder rotator but none of them had experience of eccentric testing 
or testing in frontal plane with 90° shoulder abduction. 
4.2.1 Comparison between the Members in the Hong Kong Badminton Team with the 
Non-athlete Subjects 
4.2.1.1 Demographic Data 
The 10 HKT members and the 28 non-athlete subjects were divided into four 
groups according to the gender. The demographic data of these four groups were shown 
in Table 5. The subjects in the non-athlete group did not participate in any weight training 




hours per week. The mean age in the four groups were similar. Five male subjects were 
left handed. All the non-athlete subjects were free from shoulder pathology whereas 3 
male and 1 female athletes in the HKT had been affected by the soft tissue injury which 
required medical attention and treatment. However all of them were able to practice 100% 
and were free from the problem upon the test. The distributions of age, weight and height 
was similar in between the athlete and non-athlete groups. 
Male Female 
Athletes Non-athletes Athletes Non-athIetes 
(n = 7) (n=12) (n = 3) (n=16) 
Mean 21.19 21.42 19.33 21.69 
Age SE 1.89 2.15 4.51 2.41 
Range 20 - 2 5 18 - 2 4 15 - 2 4 18 - 2 5 
Hand Dominance R 4 10 3 16 
L 3 2 0 0 
Shoulder Problem Yes 1 | | | | | | | | | | | | | | | 0 2 • 0 
No 4 12 1 16 
Mean 65.86 60.84 55.67 51.11 
Weight SE 7.34 7 5.51 4.2 
Range 56 - 80 51 - 74.5 50 - 61 42 -56 .2 
Mean 171.57 168.63 166.67 158.34 
Height SE 5.88 4.02 6.83 5.05 
Range 164 - 183 163 - 174 162 - 174.5 149 - 166 
Table 5 Demographic Data of the subjects in Part 2 fNon-athlete group & the 







4.2.1.2 Comparison between the shoulder range of motion 
The bilateral shoulder range and Levene's Test for equality of variance between 
groups, stratified by sex, were showed in Table 6. The distribution of the shoulder range in 
the four groups were illustrated graphically in Graph 1-4 in Appendix 3. 
> 
Levene's Test 
Male Female for Equality of 
Variance 
between groups 
Athletes Non-athletes Athietes Non-athletes Male Femaie 
n = 7 n = 1 n = 3 n = 16 
Dominant side Iniernai Rotation Mean 3^ 57 44.33 46 j 50 63 
SE 5.94 7,69 5 .29 9 .99 0 .S02 0 .553 
Range 30 - 46 | 36 - 65 4 - 52 | 3S - 72 
External Rotaiion Mean 92 .29 | 78.58 S9 33 | 85 .44 
SE 9.23 I 10 37 18 S8 | 15 8 0 .989 0 . 2 2 7 
Range 80 - 105 | 55 - 92 7 3 - 1 1 0 | 49 - 1 !0 
Non-dominant side Internal Rotaiion Mean 45. !4 • 48 .92 48 33 56 .94 
SE 11.78 I 9 76 4 .73 12.78 0 .549 0 . 3 0 2 
l R a n g e 3 0 - 6 5 | 33 - 67 43 - 52 40 - 95 
External Rotation Mean 82.57 | 77.67 SI .33 S0.66 
SE 9 S6 13.S 1.15 12.22 0 .507 0 .153 
Range 70 - 94 63 - 110 80 - 82 58 - 109 










The variance of the joint range amongst the athletes and the non-athletes was 
statistically equal Op>0.05 in the Levene Test). Athletes tended to have smaller range 
for the internal rotation and larger range for the extemal rotation when compared with the 
non-athletes especially for the dominant side. When comparison ofjoint range ofmotion 
between the two sides and between the athletes and non-athletes were analysed 
statistically by the 2-Way ANOVA (Table 7), the difference between the two groups and 
between the two sides were found to be statistically insignificant in both genders (p > 
0.05). 
Sex SS dF M S ~ ] " " F ~ ~ ~ B | ^ 
^^^^^ I ‘ ‘ ‘ ^ sa^as ^ s ^ ^ s j , ';^^saa ‘ ‘ = ^ = = = * = g g ? - ~ " | ^^=gg*^~—"~Tfr^^^^^^ ^ ^ ^ ** ^ ' 
Main effect 389.003 2 194.502 2.412 1 ¾ ¾ ' ^ 
-T : f " r , f 
Male Side 227.948 1 227.948 2.826 / J ^ U ) t . 
‘ - , ‘ , 
Sports 161.055 1 161.055 1.977 ^ ¾ ! ^ ! 
1, ^ J 
Main effect 315.488 2 157.744 1 325 '"-%279'^' 
• . y^  
Female Side 94.422 1 94.422 0.793 /\'o.379c 
~ " ~ " " " " " " " ~ " " " " ^ " ^ ~ ~ " ~ ~ " " " ~ * " ~ " I ~ ~ " ~ « « — « ^ ^ » » _ ^ ^ « ^ . ^ ^ _ _ _ _ _ _ _ _ _ ^ ^ > " " " ^ ^ x - - ^ ^ - > _ _ _ 1 * ^ ^ >» - ^ i a ^ 
Sports 221.066 1 221.066 1.857 V?M^2 
]f9^m^-
Table 7 ANOVA Table for comparison of shoulder range between sides and between 
athletes and non-athletes 
4.2.1.3 Comparison of the Strength Parameters 
The means, standard deviations and ranges for the peak torques (PTs) and the 
angle specific torques (ASTs) ofthe internal and extemal rotator were shown in Table 1-
2, Appendix4. Graph 1 - 4 illustrated the mean ofthe strength parameters amongst the 





I Part Two 
••[ 




external rotator. The differences between the dominant (solid line) and the non-dominant 
M 
side (dotted line) were more obvious amongst the athletes especially for the eccentric PT 
and AST 40 of the intemal rotator in the male athletes and in almost all eccentric 
parameters in the female athletes. 
Table 8 summarized the strongest and the weakest strength parameters amongst 
the four groups of subjects on both the dominant and the non-dominant side 
• " ’ ‘ / — P D r ( f i ^ ^ s i d e L ^ : “ ^ “ > <:Vy^ 6 J 
Male Athletes Male Non-athletes Female Athletes Female Non-athletes 
Strongest Parameter DEIT DEIT DEIT DEET 
Mean 53.57 35 25 18 
^ 1 ^ 9.52 11.27 3.61 
Weakest Parameter DCE30 DCE30 DCE30 DCE30 
Mean 20.71 15.25 9 6.81 
SE 4.64 5.66 2.65 3.02 
^^^^¾¾^^^¾^^"^^^^^^^^^½?^¾¾¾¾^¾^^*¾'¾¾*!¾¾¾^¾¾^!^¾¾^½^'' i^'>J^^^^>^^*^^^>'ii^^^^^^^^^t^*i^i^i"*^^'; M ^ ' ' ‘ X 
I ¾^^ ,,.myM 9^M^^ ii '^ 7^ ^^ ^^  a^ W^K ¢^ -.•^(^r^^^¢<^^^^^^^^^^ • ^ ^ ^ P ^ ^ ^ ^ ^^ <^ ^^ !^ ^^ ^^ ^^ ^^ ^^ ^^ »1i¾*^ ^^ ¢^j^ ¾^ ^^ ^^ ¾¾^ ^^ ^^ j^ ¾¾j^ ^^ ^^ ;^^ ^^  ^^ ^^ ^^ ^^ ^¾ |^^ ¾fj^ ^^ ^ ^^^¾^^^^^^^g^P^^^^i^^^^^^j^j • ^ ^ ^ ^ ^ ^ ; 
Male Athletes Male Non-athletes Female Athletes Female Non-athletes 
Strongest Parameter NEIT NEIT NEET NEET 
Mean ^ ^ 20.67 18.94 
^ ^ 9.48 6.03 3.04 
Weakest Parameter NCE40 NCE30 NCE30 NCI40 
Mean 24.43 15.75 8.67 ^ I i 
SE 4.69 4.81 _ 2.08 — 4 ^ 
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On the dominant side, except for the non-athlete female, the mean eccentric PT of 
the internal rotator QDEIT) was the strongest and the mean concentric AST30 of the 
external rotator was the weakest (DCE30). For the non-athlete female, the eccentric PT 
of the external rotator was the strongest (DEET). On the non-dominant side, the mean 
eccentric PT QS[EIT) was the strongest parameter for the male subjects whereas the 
eccentric PT of the external rotator was the strongest for the females. However the 
weakest parameter varied from group to group on the non-dominant side. 
The mean PTs and ASTs of the athletes were in general stronger than the 
corresponding parameters in the non-athletes on both sides. The differences between 
athletes and non-athletes were more obvious in the male subjects than in the females, 
especially for the strength parameters of the internal rotator on the dominant side. AJso, 
on the dominant side, the difference between the athletes and the non-athletes was more 
obvious in the internal rotator than that in the external rotator especially for the eccentric 
parameters. 
In the male subjects, the standard errors of the strength parametes were similar 
amongst the athletes and the non-athIetes. The concentric data varied less from the mean 
when compared with the eccentric. In the female subjects, variance within the athletes 
were higher than that within the non-athletes and again the eccentric data varied more 





4.2.1.4 Comparison of the Strength Ratio 
The concentric peak torque ratio (PTR) between the concentric peak torque ofthe 
external rotator to that of the internal rotator; the angle specific mode specific torque ratio 
(ASMSTR) measured respectively with shoulder internally rotated to 30° (ASMSTR30) 
and externally rotated to 40°(ASMSTR40) were calculated as described previously (p.88). 
The descriptive analysis of the PTR, ASMSTR30, ASMSTR40 on both sides were 
summarized in Table 9 and illustrated in Graph 5-6. 
Dommant Side 
Male =ale Levene's Female Female Levene's 
Athlete n- T^st Athlete - ^est 
athletes athletes 
PTR _ 0.66 0.8 0.098 0.8 0.97 0.329 
SE 0.13 0.18 0.2 0.27 
ASMSTR30 mean Q.73 0.94 0.785 0.96 1.01 0.311 
SE 0.25 0.33 0.26 0.48 
ASMSTR40 mean 2.16 1.7 0.368 1.58 1.24 0.37 
SE 0.62 0.48 0.35 0.68 
Non-dominant Side 
PTR mean Q.8 0.83 0.258 0.97 — 0.98 ~~0.518~~ 
SE 0.13 0.18 0.18 0.28 
ASMSTR30 mean Q.89 0.87 0.994 1.16 0.95 0.745 
SE 0.37 0.31 0.35 0.32 
ASMSTR40 mean 1.68 1.44 0.471 1.03 0.84 0.569~~ 
SE 0.28 0.48 0.22 0.3 
Table 9 Mean Strength Ratios of the four groups of subjects 
PTR Ratio between the concentric peak torque ofextemal rotator and the concentric peak torque ofthe intemal 
rotator (ER;TO.) 
ASMSTR40 Ratio between the eccentric angle specific torque ofthe intemal rotator and the concentric angle specific 
torauc ofthe extemal rotator with both measured at 40° shoulder extemal rotation 
ASMSTR30 h t i o between the eccentric angle specific torque ofthe extcmal rotator to the concentric angle specific 
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On the dominant side, the mean PTR and the mean ASMSTR30 of the athletes 
were lower than that of the non-athletes in both the male and the female subjects whereas 
the mean ASMSTR40 was higher in the athletes in both genders. The difference o f t h e 
mean ASMSTR30 between the athletes and non-athletes in both genders was not as 
obvious as the mean PTR and the mean ASMSTR40. 
The non-athlete female subjects tended to have a higher standard error for both the 
PTR and the ASMSTR especially on the dominant side. Also for the male athletes, 
particular high standard error was found for the ASMSTR40 on the dominant side (SE = 
0.62). 
The mean PTR and the mean ASMSTR30 in the athletes and the non-athletes were 
similar. For the mean ASMSTR40 between the athletes and non-athletes, the difference 
was relatively obvious but less when compared with that on the dominant side. Unlike the 
dominant side, the variance of the strength ratios amongst the four groups were similar. 
The difference of the strength ratios between athletes and non-athletes and 
between the dominant side and non-dominant were analysed statistically by the 2-Way 
ANOVA (Table 10). The difference between the male athletes and the male non-athletes 
found in ASMSTR40 were statistically significant (p = 0.007). Such difference was 





_____^ ^^ ^^  
AthJetes = 7;Non_athletes=12 
Variables Significant Level 
PTR Main EfFect 0.132 
Between Sides 0.284 
Between Groups 0.086 
ASMSTR30 Main Effect , 0.696 
Between Sides 0.711 
Between Groups 0.466 
ASMSTR40 Main EfFect 0,007 
Between Sides 0,042 
Between Groups 0,013 
Table 10 ANOVA Table for the between sides' & between groups' comparison of 
PTR & ASMSTR for the male subjects 
4.2.2 Comparison between the Badminton Players in the Hong Kong Team (HKT) and 
the Hong Kong National Jmiior Team (HKJ) 
4.2.2.1 Demographic Data 
Ten players (7 males; 3 females) from the Hong Kong Badminton Team pHKI) 
and 12 players (4 males; 8 females) from the Hong Kong National Junior Badminton Team 
(HKJ) were recruited. The average year of practice for the badminton players recruited in 




(standard error = 1.15). The average duration of training in the Hong Kong Sports 
Institute was 6.58 years and 2.52 years respectively for the HKT and the HKJ. 
All the badminton players in the HKT involved in a full time six days per week 
training programme. The training schedule consisted of an average of 23.2 hours in the 
badminton court for skill practising and 5.35 hours in the weight training room for 
physical conditioning. The conditioning programme cov^ed both the upper and lower 
limb muscles and pushing exercises were mainly involved in the upper limb. Majority of 
the badminton players in the HKJ were student and their twice a week or three times a 
week programme involved on average 9.5 hours training in the badminton court and 2.25 
hours training in the weight training room. Similar items as the HKT's were covered in 
both the strengthening and the conditioning programme. 
- 4 . 2 . 2 . 1 Comparison between Strength Variables 
The descriptive data of the PT and the AST of the members in the Hong Kong 
Badminton Team (HKT) and the Hong Kong National Junior Badminton Team (HKJ) 
were summarized in the Table 3 - 4, in Appendix 4. Graph 7 and 8 were the graphical 
illustration of the mean strength parameters respectively for the male and female subjects 
in the HKJ. When comparing the strength parameters between the HKT and the HKJ, both 
the mean concentric and the mean eccentric strength parameters of the HKT were 




obvious on the dominant side especially for the internal rotator. In the female athletes, the 
strength parameters were similar in both groups. 
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The strongest strength parameter on the dominant side in all groups was the 
eccentric peak torque of the internal rotator (DEIT). On the non-dominant side, the 
eccentric peak torque of the internal rotator ( ^ I T ) w a s the strongest parameter in the 
male athletes in the HKT and the female athletes in the HKJ. For the female athletes in the 
HKT and the male athletes in the HKJ, the eccentric peak torque of the external rotator 
CNEET) was the strongest. 
/ 
Similar to the HKT and the non-athletes, on the dominant side, the concentric AST 
of the extemal rotator at 30° intemal rotation (DCE30) in the HKJ was the weakest 
parameter. On the non-dominant side, except for the male group in the HKT, the rest had 
the weakest parameter on the concentric AST of the intemal rotator measured with 
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Table 11 summarized the peak torque ratio (PTR) and the angle specific mode 
specific torque ratio (ASMSTR) ofthe athletes in both the HKT and the HKJ. 
Male Female 
HKT HKJ “ HKT HKJ 
PTR Mean 0.66 0.81 0.8 0.89 
^ ^ ^ 0.2 0.29 
ASMSTR30 Mean 0.73 1.59 0.96 0.82 
^ ^ 1.27 0.26 0.24 
ASMSTR40 Mean 2.16 1.51 1.58 L ^ 
SE 0.62 - 0.42 0.35 0.52 
, 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ B S ( ^ M f i i W t e i ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ B 
i ^ » ;J > , r 
PTR Mean 0.8 1.07 0.97 0.94 
SE 0.13 0 ^ 0.18 ^ 
ASMSTR30 Mean 0.89 1.13 1.16 ^ M 
^ ^ 0.4 0.35 0.4 
ASMSTR40 Mean 1.68 1.16 1.03 U 6 
1 SE 0.28 0.36 0.22 0.42 
Table 11 Strength ratio of HKT and HKJ 
On the dominant side, similar to the non-athlete group, the mean PTR and the 
mean ASMSTR30 for the male subjects in the HKJ were higher than that of the HKT. 
However, for the female subjects, the mean ASMSTR30 in the HKJ was slightly lower 
than that of the HKT and the mean PTR were similar in both the HKT and the HKJ. For 
the ASMSTR40 on the dominant side, the male athletes in the HKT were stronger than 




On the non-dominant side, the male subjects had similar trend as on the dominant 
side. The HKJ had higher mean PTR and mean ASMSTR30 but lower mean ASMSTR40 
when compared with the HKT. However for the female subjects, not much difference was 
found in either the mean PTR and the mean ASMSTR between the HKT and the HKJ. 
Large variation was observed in the ASMSTR30 on the edominant side for the 
male subjects in the HKJ with the standard error equaled to 1.27 
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The findings of the present study and the application of the results were 
discussed in this chapter. The design of the study was discussed first which was then 
followed by the discussion of the result in part one and part two of the study. Finally 
the application ofthe present finding and suggestion for further study were covered. 
/ 
5.1 General Discussion on the Design ofthe Study 
5.I.1 Subject 
Chinese is dominant in the Hong Kong population (98%) and about 90% of the 
scholarship holder in the Hong Kong Sports Institute are Chinese. In order to eliminate 
the confounding effect contribute by race and age, only young Chinese with age below 
30 were recruited in the study. 
Subject number of 38 was required to investigate the correlation between two 
factors with the strength of correlation between 80% - 90% and less than 5% 
contributed by the random effect. 31 subjects had been recruited in part one which was 
close to the target number but in part two minimal of28 subjects were required in each 
group but in total only 50 subjects have been recruited in part two which lowered the 
power of the statistical test and may account for some insignificant findings when 




5.L2 Specific Test 
General laxity test, apprehension test, impingement test, anterior and posterior 
drawer tests were performed before the isokinetic test. These tests aimed at ruling out 
the potential problem in the shoulder. Those possess with multiple direction shoulder 
laxity commonly have positive finding in the general laxity test fNeer 1985). Also the 
impingement test, the instability tests (the anterior and posterior test and the 
apprehension test) have been shown to be sensitive respectively in diagnosing shoulder 
impingement and shoulder instability (Hawkins & Kennedy 1980 Gerber & Ganz 
1984). 
5.1.3 Warming Up 
As maximal exertion was required during the isokinetic test, adequate warm up 
is essential in preparing the muscle for the strenuous contraction. Completion of a set 
of warm up including warming up, passive stretching of the shoulder muscles and 
mobilization of the shoulder joint was required in order to prevent unnecessary injury 





5.1.4 Testing Protocol 
5.1.4.1 Testing Position 
The glenohumeral joint is a ball and socket joint with multiple axis and the 
axis will move with the shoulder movement (Morrey & An 1990) that a single testing 
position may not be adequate in testing large range of shoulder movement. Three 
testing positions have been suggested by the manufacturer and have been reported by 
various isokinetic studies (Greenfield et al. 1990 Frisiello et al 1994). Some authors 
have suggested that the scapular plane is the true plane for elevation (Poppen & 
WaUcer 1976). However this may not be applied to large range shoulder movement 
such as the late cocking phase in pitching. During this phase, the shoulder is abducted, 
extended and laterally rotated with the scapula retracted. The shoulder no longer 
moves in the scapular plane. 
The choice of testing the shoulder rotation in the frontal plane with 90° 
abduction in the present study, aimed at resemble the shoulder position in the 
overhead sports (Wilk et aL 1993). Although it has been reported by some authors 
that the shoulder is relatively unstable at 90° of shoulder abduction (Wamer et al. 
1990, Leroux et al. 1994) and the stress on the anterior part ofthe shoulder will also 
increase with extemal rotation OPeny 1988) the choice of maximal painfree range 
and the accommodating resistance provided by the dynamometer could safe-guard the 
subject fi:om being overloaded and overstretched. 
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5.1.4.2 Trial Session 
Familiarization is one of the factors affecting the consistency of the result in the 
isokinetic test especially for the eccentric test (Kellis & Baltzopoulos 1995, Hageman 
& Sorensen 1995). Unlimited trial was available to allow the subject to familiarize with 
the type of contraction required. In order to minimize the influence contributed by the 
muscle fatigue, submaximal effort with not more than 20% of the maximal was 
‘ / 
emphasized in the trial session. When the subject was able to master the skill, the trial 
session was ended with one maximal contraction. This practice is superior than the fix-
repetition trial as the time required to pick up skill for each individual may vary. 
5.1.4.3 Choice of the concentric-eccentric cycle 
We are less aware of the eccentric contraction although it has been practiced 
daily and so the eccentric contraction has been regarded as un-natural movement to the 
human body (Malerba et al. 1993, Mayer et al. 1994). Two modes of testing are 
available for the isokinetic test involving eccentric contraction. They are the eccentric-
eccentric cycle and the concentric-eccentric cycle. The eccentric-eccentric cycle 
involves alternate eccentric contraction of the intemal and the extemal rotator. The 
subject alternately performs eccentric contraction of the intemal and the extemal 
rotator and he needs to accommodate to the change of direction of contraction. 
In the concentric-eccentric cycle, the subject first performs a concentric 




subject need to contract towards one direction for the concentric part and concentrates 
as if keeping the joint in that particular direction for the eccentric part Since the 
resistance provided by the dynamometer is accommodating, the subject actually is 
unable to hold the movement and eventually performing the eccentric contraction. 
Since the contraction is always directing towards one direction for the 
concentric-eccentric mode of testing, adaptation to the change of direction of 
.f 
contraction is not required and is relatively more easy to learn. Since both concentric 
and eccentric data were required in the present study, adaptation to the change of 
direction of contraction in the eccentric-eccentric cycle is even more difficult after the 
testing of concentric-concentric cycle. 
5.1.4.4 Speed of Testing 
The fastest testing speed for isokinetic assessment reported for the concentric 
test is 3007sec and 2407sec for the eccentric test (Mayer et al. 1994). Since 
concentric-eccentric cycle was adopted in the present study that same test speed 
should be used for both concentric and eccentric contractions of the muscle. The 
eccentric torque of the shoulder rotators has been reported to be increased with 
increasing speed that fast speed is not recommended for eccentric test especially for 
the normal subject in order to prevent overload to the muscles ^Hageman & Sorensen 
1995, Chan et al. 1996). Hageman & Sorensen suggest not more than 1507sec for the 




speed in part one of the current study, 607sec and 1207sec were based on the study 
conducted by Malerba and associate (Malerba et al. 1993). 
5.1.4.5 Rest period 
The resting period in the previous studies ranged from 20 seconds to 2 minutes 
(Soderberg & Blaschak 1987, Cahalan et al. 1991 Mayer et al. 1994) and rules to 
r 
govern the choice of resting period is not available. In present study, choice of 30 
seconds of rest between two test speeds was used as it is the common practice in the 
Hong Kong Sports Institute and a period of 5 minutes was used for testing between 
sides as it was the time required to position the subject for testing on the other side. 
5.2 Part One 
The aim of this part of the study was to find out the test-retest reliability in 
obtaining the peak torque (PT) an the angle specific torque (AST) of the concentric 
and eccentric contractions of the shoulder rotators by using the Cybex 6000. Also, by 
examined the correlation between the concentric peak torque ratio (PTR) and the angle 
specific mode specific torque ratio (ASMSTR), the feasibility of predicting the 




5.2.1 Test-Retest Reliability 
In order to produce a comparable data, the reliability of the test is crucial 
(Hageman & Sorensen 1995). Information concerning the reliability of the isokinetic 
testins of shoulder rotators was available with various isokinetic modalities and 
o 
protocols (Hageman et aL 1989, Greenfield et aL 1990 Malerba et al. 1993, Frisiello 
et al. 1994, Mayer et al. 1994). However none of them involved eccentric isokinetic 
f 
testing with Cybex 6000. 
As in the present study, the concentric and eccentric performances of the 
shoulder rotators have also been covered in the previous tests conducted by various 
investigators (Hageman et al. 1989 Malerba et al. 1993, Mayer et aL 1994). The 
testing protocol adopted in the present study was modified from the protocol adopted 
by Malerba and associates (Malerba et la. 1993). Modification was made in the testing 
position and the testing mode. In order to simulate the position of the shoulder during 
the overhead sports, the shoulder was tested in 90° abduction instead of in scapular 
plane. Also, the concentric-eccentric cycle was adopted as it was more easy to learn 
(Hageman & Sorensen 1995). 
The test-retest reliability in obtaining the peak torque fPT) and the angle 
specific torque (AST) of the current study could be regarded as excellent since the 
intra-class correlation coefficient (ICC) was in general > 75% (Fleiss 1986). Low 
reliability were shown when obtaining the eccentric AST of the internal rotator with 




dominant side at the speed of 607sec and with the shoulder externally rotated to 50° 
on the non-dominant side when tested at the speed of 1207sec (r = 0.5617). 
The larger variability in obtaining the eccentric AST of the internal rotator with 
- t h e shoulder externally rotated to 50° might be explained by the discomfort 
experienced by the subjects during the test. Since the test was conducted with the 
shoulder abducted to 90°, the inferior glenohumeral ligament was stretched (Turkel et 
’ ' 
al. 1981 O'Brien et al. 1990). With the shoulder extemally rotated in this position, 
both the anterior band of the inferior glenohumeral ligament and the anterior capsule 
were stretched and the stress on the shoulder was therefore increased (Perry 1988). 
Furthermore, the stress produced by the eccentric contraction is higher than that ofthe 
concentric 0 "^g & Kramer 1991, Malerba et al. 1994) These might explained for the 
low reliability in obtaining the eccentric AST of the intemal rotator with the shoulder 
externally rotated to 50°. 
It has been reported that the isokinetic eccentric torque increased with testing 
speed for quadriceps (Chandler & Duncan 1988 Hanten & Wieding 1988) and also for 
the shoulder rotators (Hageman et aL 1989, Tata et al. 1993, Frisiello et al. 1994). The 
stress created during the fast speed was theoretically higher. However, in the current 
study, the variation in obtaining the eccentric AST of the intemal rotator with the 
shoulder externally rotated to 50° and at the test speed of 1207sec was lower when 
compared with that obtained at the test speed of 607sec. This finding might due to 




rotation of shoulder). Subjects experienced discomfort for longer period of time and 
might affected the ability of performance. 
Despite the similarity in the testing protocols, the test-retest reliability in 
obtaining the peak torques of the shoulder rotators in the present study was quite 
different from that reported by Malerba and associates. The ICC obtained from present 
study was ranged from 0.8365-0.9283 for the concentric test and 0.8470-0.9227 for 
f 
the eccentric test whereas Malerba and associates have reported ICC of 0.6-0.95 for 
the concentric test and 0.44-0.92 for the eccentric test. Such variation may contributed 
by the differences in the type of subjects being involved in the two studies. 
In the study carried out by Malerba and associates, they recruited both healthy 
and symptomatic subjects. Also, wide spectrum of age range (17-58) were used. 
Although they carried out the testing in the less stressful position (the scapular plane), 
the stress contributed by eccentric contraction might exceeded the ability of some 
subjects especially for those suffered from tendon injury and therefore affecting the 
outcome. The eccentric pattem may be unnatural to some subjects (Hageman & 
Sorensen 1995). Three submaximal and one maximal contractions in their study might 
« 
not be adequate for some subjects to leam especially for the older group and therefore 
affecting the test-retest reliability. 
‘ Mayer and associates examined the variability in obtaining the isometric, the 
concentric and the eccentric torque of shoulder muscles (Mayer et al. 1994). High 





external rotators. Such variability may contributed by their protocol. Strenuous testing 
programme in a fix testing sequence was applied. The eccentric contraction of the 
shoulder rotators were tested last. Also, individual variability in obtaining the muscle 
torque in each test speed was not available that made comparison with present study 
difficult as they have involved the test speed of 60 180 240° and 3007sec for the 
concentric test and 60 120 180 2407sec in the eccentric test. 
1 
5.2.2 Correlation Between Concentric Peak Torque Ratio (PTR) and Angle Specific 
Mode Specific Torque Ratio (ASMSTR) 
It was reliable to obtain the concentric and eccentric PT and the AST at the 
speed of 1207sec, with the shoulder intemally rotated to 30° and extemally rotated to 
40 . The concentric peak torque ratio pPTR) and the angle specific mode specific 
torque ratio (ASMSTR) could be obtained from the PT and the AST of the study and 
the correlation between the PTR and the ASMSTR could be examined. 
The PTR was defined as the ratio between the concentric peak torque of the 
external rotator to the concentric peak torque of the internal rotator. The ASMSTR30 
was derived by established a ratio between the eccentric AST of the extemal rotator 
with shoulder intemally rotated to 30° to the concentric AST of the internal rotator 
measured at the same position. For the ASMSTR40 it was derived from the ratio 
between the eccentric AST of the intemal rotator measured with the shoulder 
extemally rotated to 40° to the concentric AST of the extemal rotator at the same 
angle. 
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No significant correlation (p > 0.05) was found between the PTR and the 
ASMSTR on both sides for the female subjects. For the male subject, significant 
correlation (p < 0.05) was only found between the PTR and the ASMSTR40 on the 
dominant side (r = 0.7664) Although significant correlation were found between the 
PTR and the ASMSTR on the non-dominant side of the male subjects, the correlation 
was not strong (-0.6624 and -0.6204 respectively for ASMSTR30 and ASMSTR40). 
Such finding reflected the fact that the PTR had limitation in inferring the co-
ordination between the shoulder rotators in a specified angle. As aforementioned, 
intimate coordination between the concentric and the eccentric contraction of the 
shoulder rotators was essential in both the cocking phase and the deceleration phase, 
the ASMSTR was able to provide more specific information. 
\ 
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5.3 Part Two 
There are 20 and 50 athletes respectively in the Hong Kong Badminton Team 
(HKT) and the Hong Kong National Junior Badminton Team (HKJ). Ten athletes from 
the HKT and 12 &om the HKJ were volunteered tojoin the study. The mean age and the 
standard error ofthe HKT were 21.25 and 2.43 respectively. For the HKJ, the mean age 
and the standard error was 16.08 and 2.31 respectively. The HKT and the HKJ were 
analyzed separately as two groups because the age range and the training programme 
amongst these two groups were quite different. Grouping these two groups together as 
one group may confound the result with the age and training effects. It was also because 
of the age difference that comparison would not be made between the non-athlete group 
and the HKJ. 
The non-athlete subjects were grouped according to the gender and the activity 
level. Thirty-five non-athletes were originally recruited however six males and one 
female were involved in regular training and conditioning programme that their data 
were eliminated. Twenty-eight subjects were left in the non-athlete group for the 
comparison with the HKT. The male and female subjects were examined separately as 
the difference between genders has been shown (Cahalan et aL 1991) 
Li order to lower the chance to commit the Type I error, 2-way ANOVA was 
only.used to report the differences in thejoint range and the torque ratios between HKT 





5.3.1 Comparison between the members in the Hong Kong Badminton Team with the 
Non-athlete subjects 
5.3.1.1 Range ofMotion 
Ln the study carried out by Brown and associates, they have tested thejoint range 
of motion for the shoulder intemal and extemal rotation on both sides for both pitchers 
f 
and position players. They have found that pitching shoulders have smaller range for the 
intemal rotation and larger range for the extemal rotation (Tullos & King 1973 Brown 
etal.l988). 
As stated by Lo & Stark, the Overhead Forehand Clear, including the attacking 
clear, the dropshot, the half smash and the smash, are the most basic strokes for 
badminton (Lo & Stark 1991). The pattem of movement is similar to the other overhead 
sports, such as the pitching in baseball (Atwater 1979). The dominant shoulder should 
also produce a large range of movement in a rapid and strenuous manner. Hence 
adaptive change in the shoulder range in similar pattem as the other overhead sports 
athletes is expected for the badminton players. 
Li our study, the dominant shoulder of the badminton players in the HKT tended 
to have larger range for the extemal rotation and smaller range for the intemal rotation 
when compared with the non-athletes. The mean range of the extemal rotation for the 
male athletes and the male non-athletes was 92.29 and 78.58 respectively however 
insignificant difference was shown when tested with 2-Way ANOVA. The large 
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variance partially contributed by the small sample size may explain for the insignificant 
finding. 
5.3.1.2 Muscle strength 
As the main objective of this part ofthe study was to compare the torque ratios 
between the HKT and the non-athletes, statistical evaluation was applied to test the 
> 
differences in torque ratios between these two groups of subjects so that chance to 
commit the Type I error was lowered. Although statistic test was not applied, the 
presentations of the strength parameters were still worth mentioned. 
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5.3.1.2.1 General presentation ofthe strength parameters 
a) The Litemal Rotator is Stronger than the Extemal Rotator 
The concentric strength of the intemal rotator was stronger than that of the 
extemal rotator as the average concentric peak torque ratio (PTR) established 
between the PT of the extemal rotator to the intemal rotator was < 1 in all 
groups on both sides (Table 9). 
} 
Furthermore, except for the male athletes, the difference between the PT ofthe 
two rotators was less obvious during the eccentric contraction. The mean peak 
torque of the eccentric contraction of the extemal rotator on both sides for the 
non-athlete females, and the non-dominant side of the female athletes, were 
even stronger than the intemal rotator (Table 1 - 2 in Appendix 4). 
Such finding brought out an interesting question that why the difference 
between the concentric performance of the shoulder rotators was larger than that 
of the eccentric performance. Also can this phenomenon be altered with 
training? 
b) Eccentric is Stronger than Concentric 
The following table summarizes the mean peak torque of the strongest three 
parameters on the dominant side of the HKT and the non-athletes: 
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Male Female 
Athlete Non-athlete Athlete Non-athlete 
First parameter EIT EIT EIT EET 
strength 53.57 35 25 18 
Second parameter CIT EET EET EIT 
strength 40.71 32.17 23.33 17.25 
Third parameter EET CIT CIT CIT 
strength 34.57 26.08 17 12.06 
The eccentric torque ofthe shoulder rotators in this study was stronger than its 
corresponding concentric torque at the same speed. This fmding agreed with the 
\ 
previous studies ^Hageman 1989, Tata et al. 1993) and the physiological 
prediction (Stauber 1989). Less energy was required for the eccentric 
contraction and so the tension-generating capacity within a given length of 
sacromere was higher (Stauber 1989). 
c) The Angle Specific Torque in the Lengthened and Shortened position 
The male athletes had stronger concentric and eccentric torque for the internal 
rotator in the lengthened position (40° extemal rotation of shoulder) than in the 
shortened position (30° intemal rotation) especially on the dominant side. 
Although the mean concentric and eccentric AST of the intemal rotator for the 
female athletes in the lengthened position were less when compared with that in 
the shortened position, the difference in between these two positions for the 
female athletes was less when compared with the non-dominant side and with 
the non-athlete females ^Elefer to graph 1,3). 
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For the external rotator on the dominant side, all the subjects had stronger 
concentric and eccentric strength in the shortened position (30° intemal 
rotation) than in the lengthened position (40° external rotation). 
It has been suggested that to preceded a concentric contraction with an eccentric 
contraction will enhancing the strength of concentric contraction - plyometric 
contraction (Voight et al. 1995). For the badminton players, they were involved 
in certain kind of plyometric training in their daily practice of the badminton 
overhead shot. Jn the late cocking phase, the intemal rotator contracted 
eccentrically to store energy which was released during the acceleration phase 
when the muscle contracted concentrically. This group of athletes was well 
trained for this type of contraction and so both the concentric and eccentric 
strengths of the intemal rotator in the lengthened position were relatively 
stronger. 
Eccentric contraction of the external rotator was also involved during the 
deceleration phase of the overhead shot. However both the concentric and the 
eccentric contractions of the external rotator in the lengthened position were 
weaker than that in the shortened position. This raised up to a question that why 
the training effect was not shown or less obvious in the external rotator. Stauber 
have suggested that the eccentric contraction has two different roles in the body 
movement (Stauber 1989). It can function as shock absorber or control for the 
muscle elasticity. The difference in the response of the external and intemal 
rotator to the eccentric load may relate to these two different roles. Further study 
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to investigate these two roles in human movement and the subsequent training 
may help us to understand more about the eccentric control. 
5.3.1.2.2 Comparison of the Strength Parameters between Groups 
a) Athletes were stronger than the Non-athletes 
Badminton players participated almost daily in the training programme for skills 
} 
and for physical conditioning. Their muscle strength, as expected were stronger 
than the non-athlete subjects. Since badminton is a unilateral sports and so the 
difference between the athletes and non-athletes was more obvious on the 
dominant side. 
However in the present study, the difference between the athletes and the non-
athletes was less obvious in the female subjects. This was partially due to the 
small sample size and also the consistent weaker strength in one of the female 
player who was only aged 15. The immature development of the 
musculoskeletal system may affecting her strength. 
b) Marked Difference Shown in the fotemal Rotator 
The strength difference between the athletes and non-athletes was more obvious 
in the intemal rotator especially in the male subjects. However the difference 
between the athletes and the non-athletes were less in the extemal rotator 
particularly in the eccentric contraction of the extemal rotator. 
During the overhead forehand clear, strenuous contractions of the intemal 
rotators are required to create the driving force especially during the half smash 
and the smash. Hence the upper limb conditioning programme of the badminton 
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players involved mainly the exercises for strengthen up the intemal rotator. 
Exercise specific for the extemal rotator was not available and this may explain 
the less obvious difference found between the athletes and non-athletes in the 
strength of the extemal rotator. 
5.3.1.3 Torque Ratio 
The balance in a muscle couple has been reported as a function oftorque ratio 
establishing by comparing the muscle torque concentrically and eccentrically. Since 
information concerning the eccentric control of the antagonist is not available with the 
PTR, the idea of reporting the eccentric antagonist to concentric agonist ratio in 
examining the balance between the muscles in a muscle couple has been raised (Perrin 
1993, Kellis & Baltzopoulos 1995). 
When examined the differences of the peak torque ratio (PTR) and the angle 
specific mode specific torque ratios (ASMSTRs) between the athletes and non-athletes 
with the 2-way ANOVA, significant differences were shown in the ASMSTR40 in the 
male subjects p^ = 0.007) (Table 10). 2-way ANOVA was not applied to the female 
subjects as only three female athletes were involved that the chance to commit type I 
error was large. 
Statistically the differences between the athletes and non-athletes were 
insignificant in most ofthe torque ratios. However the trend and the distribution of 
these torque ratios in different groups were still worth mentioned. 
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5.3.1.3.1 Concentric Peak Torque Ratio (PTR) 
The concentric peak torque ratio (PTR) in different groups in the present study 
were listed as follow:-
Male Female 
Athlete Non- ‘ Athlet Non-
n = 7 athlete e athlete 
n = 12 n = 3 n = 16 
Dom Mean Ratio 0.66 0.8 0.8 0.97 
Standard o . l 3 0.18 0.2 0.27 
error 
N-Dom Mean Ratio 0.8 0.83 0.97 0.98 
Standard o . l 3 0.18 0.18 0.28 
error 
It has been reported that the peak torque ratio between the extemal 
rotator to the internal rotator is in general.0.6 - 0.8 (Chan et al. 1996). The PTR 
is higher on the non-dominant side (Wamer et aL 1990 Perrin 1993, Chan et al. 
1995) and is lower on the dominant shoulder of the overhead sports athletes 
(Cook et aL 1987 Brown et aL 1988 and McMaster et aL 1991) when compared 
with the non-athletes. 
Li our study, the PTR for the non-athletes ranged from 0.8 - 0.97 that 
were relatively higher when compared with the previous study (Cahalan et al.. 
1991). The PTR on the dominant side of our subject had a trend to be lower than 
the non-dominant side. Furthermore, there was a trend for the PTR on the 
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dominant shoulder of the athletes to be lower when compared with that of the 
non-athletes. 
Both the pectoralis major and the latissimus dorsi are the major propeller 
and the intemal rotator of the shoulder. The muscles on the dominant side are 
frequently involved in daily living especially for the strenuous work and so the 
PTR on the dominant shoulder are lower. Jn the unilateral overhead sports such 
/ 
as badminton, the bilateral discrepancy of the muscle strength is even greater as 
the athletes are more involved in strenuous contraction ofthe intemal rotator. 




5.3.1.3.2 The Angle Specific Mode Specific Torque Ratio (ASMSTR) 
Significant difference was only found when comparing the ASMSTR40 
between the athletes and the non-athletes and between the dominant and the 
non-dominant side. However there was a trend for the male athletes to have 
lower PTR and ASMSTR30 when compared with the non-athletes. 
a) ASMSTR4Q ‘ 
M the male subjects, the ASMSTR40 on the dominant side was significantly 
higher when compared with the non-dominant side and with the same side ofthe 
non-athletes. Such trend was less obvious in the female subjects and on the 
non-dominant side. 
There is an advantage for the overhead sports athletes to have higher 
ASMSTR40. During the late cocking phase, the intemal rotator contracts 
eccentrically to decelerate the extemal rotating shoulder and prepare it for the 
acceleration. To have a stronger eccentric control of the intemal rotator relative 
to the concentric contraction of the extemal rotator, can protect the shoulder 
joint from overstretching especially at the cocking position. The eccentric 
contraction of the intemal rotator can also provide extra energy in the 




There was a trend for the male athletes to have lower ASMSTR30 on the 
dominant side when compared with the non-athletes. The difference between 
the athletes and non-athletes was not obvious when comparison was made in the 
female subjects and on the non-dominant side. 
During the deceleration phase, the eccentric control of the extemal rotator is 
important in providing a posterior restriction. It minimizes the overstretching on 
the posterior structures induced by the concentric contraction of the intemal 
rotator and the momentum of the arm. To have a higher ASMSTR30 
theoretically favors the athletes in the prevention of overstretching. However in 
our study, no such evidence was observed. The relatively weakness of the 
eccentric control of the extemal rotator in relation to the concentric contraction 
of the intemal rotator may predispose the badminton players to have shoulder 
injury. 
5.3.2 Presentation of the Torque Ratio of the Hong Kong National Junior Team 
The mean age of the athletes in the Hong Kong National Junior Badminton 
Team was 16.08 that the musculoskeletal system was still growing and not yet mature. 
This made comparison ofthe shoulder strength with the Hong Kong Badminton Team 
difficult. The aim of including this group of subject for the study was to enrich the data 
base for the ASMSTR. 
The ASMSTR30 of the male athletes in the HKJ was higher than that of the 
male athletes in the HKT. This fmding favored the shoulder in resisting the overstretch 
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imposed on the posterior structures during the deceleration phase. However large 
standard error was found that reflected the fact that variation of the eccentric control of 
the extemal rotator in relation to the intemal rotator varied within the group. 
5.3.3 Variation in those possessed with History of Shoulder Pathology 
There were three male athletes and one female athlete in the HKT who had 
/ 
history of shoulder problem. They were all involved in soft tissue injury ranged from 
impingement symptom to muscle strain. The female athlete also possessed with 
symptom of shoulder subluxation. Graph 9-16 were the graphical presentation ofthe 
isokinetic performance of shoulder rotators of these four athletes. The shape of the 
normal curve for shoulder rotators possessed with steep slope at the outer range of 





These two graphs showed the performance of the female athletes. Except for the 
bilateral discrepancy ofthe range in shoulder intemal rotation, the shape ofthe curve 
was relatively normal for the extemal rotator. However, for the eccentric control ofthe 
intemal rotator with shoulder extemally rotated, marked difference was observed 
between the average torque (green line) and the maximum torque (purple line) on the 
dominant side. This reflected that her eccentric contraction of the intemal rotator was 
not consistent in the five repetitions. 
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These two graphs show discrepancy in the eccentric control of the intemal and the 
external rotator with muscle in lengthened position. 
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This shoulder ofthese athletes was frequently injured. The slope of the eccentric control 
of the extemal rotator dropped with the shoulder internally rotated and also obvious 
discrepancy was found in the eccentric control of the intemal rotator almost along the 
whole range. 
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Both the maximal and average torques of the extemal rotator in this subject were low 
particularly in the eccentric control which fell below the eccentric contraction of the 
extemal rotation on the non-dominant side. 
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Although the athletes were all free from shoulder problem upon the testing, the 
interesting fmding in the torque curve in them demonstrated the need to assess the 
performance of patient with shoulder pathology so that the pathological presentation of 
the balance between the shoulder rotators can be identified. The pathologic data and the 
torque curve can also assist in making diagnosis and in working out the mechanism of 
shoulder injury. 
5.4 Clinical Application 
The reliability of the Cybex 6000 in obtaining the concentric and eccentric peak 
torque and angle specific torque has been validated. Hence it is possible to assess the 
muscle performance in an objective way. The shoulder joint is an unstable joint that its 
stability is very much depended on the co-ordinated contraction of the shoulder muscles 
particularly when large range of movement is required. Some shoulder pathologies have 
been documented to be associated with the strength of the shoulder rotators (Glousman 
1988). 
The peak torque ratio established by comparing the peak torque of the two 
muscles concentrically or eccentrically has been used as an index to reflect the balance 
between the two muscles. Some positions are well known to be critical for the shoulder 
that muscle balance in that particular position is important. However the peak torque ratio 
provides no such information as it is not angle specific. Also, in a moving joint, the 
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agonist and the antagonist are respectively contracting concentrically and eccentrically. 
The PTR can only provide either concentric or eccentric information. The angle specific 
mode specific torque ratio (ASMSTR) is superior than the PTR in such a way that it 
provides both concentric and eccentric information respectively for the agonist and the 
antagonist. Also the ASMSTR is angle specified. Such information can not be estimated 
from the PTR as correlation between the two ratios is week. 
Majority of the daily activities occur at the middle range that demand on the 
muscle control towards the extreme range is less. However for the overhead sports 
athletes, they are frequently involved in strenuous end range movement and the demand 
on muscle control at the extreme range is increased in order to maintain the joint 
stability. Hence it is beneficial for the overhead sports athletes to have a higher ASMSTR 
at the extreme range such as ASMSTR30 and ASMSTR40. Similarly, athlete who has 
lower ASMSTR at the extreme range may predispose this athlete to various shoulder 
problems as his joint stability is not well maintained. The joint mechanics is altered and 
will overload thejoint and its surrounding soft tissue and eventually results in pathology. 
The mean ASMSTR30 and ASMSTR40 in our study for male non-athletes was 
0.94 and 1.7 respectively. For non-athlete female, it was 1.01 1.24. Since the demand on 
the shoulder for the overhead sports athletes is higher, the mean specific torque ratio for 
this group of athletes should be higher. Since few athletes were recruited in the present 
study, more athletes are required before the norm is found. 
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Discussion 
It is quite common that athletes emphasize more on the training of the agonist. 
The ASMSTR can be applied in the training programme to act as a reference to prevent 
overtraining of the agonist and undertraining of the antagonist. Also the ASMSTR can be 
applied in the rehabilitation programme especially for those with stability problem. 
Strengthening of the eccentric control of the antagonist in relation to the concentric 
contraction ofthe agonist will help to prevent recurrence. 
5.5 Limitation and Suggestion for Further Study 
Majority of the reviewed articles on the biomechanics were not involving 
badminton. Although the badminton is regarded as one of the overhead sports, the 
demand on the shoulder may vary as faster but less strenuous movement is involved and 
the base of support is different. There is a need to carry out kinematics study on 
badminton player so that the muscles involved in various stages are better identified and 
comparison can be made with other overhead sports. 
The subject involved in this study were not recruited randomly and may bias the 
norm. Also only young age was recruited that afT cts the inference of the result to other 
age groups. The insufficient subject number made the conclusion on the differences ofthe 
torque ratios between athletes and non-athletes difficult to draw. In order to have a more 
concrete conclusion, more subjects are required. Also, recruitement of athletes from other 
kinds of overhead sports will widen the application of the result 
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Badminton stroke is a dynamic movement involving a sequential body movement. 
However only onejoint is involved during the test and the isokinetic contraction is not a 
natural contraction. Test speed of 120^/sec was adopted in this study that was relatively 
slow when compared with the reported angular speed during pitching (~ 4100 7sec, 
DilLman et al. 1993). These are the limitations to infer the present isokinetic finding to 
functional activities although objective data is available with the isokinetic. 
Weight limb section is not available with Cybex 6000 in testing the shoulder 
rotational strength. As stated by Kannus that gravitational effect affects the torque 
measured by the machine (Kannus 1992). Li our study, both the ASMSTR30 and 
ASMSTR40 were theorectically lowered as the numerator was decreased and the 
denominator was increased under the effect of gravitational pull. However some authors 
have regarded this effect less important in testing of the shoulder rotational strength 
(Chan et aL 1996). The angles specified in constructing the ASMSTR (40° extemal 
rotation and 30° intemal rotation) were estimated from the kinematics study and represent 
only one point in the cocking phase and the deceleration phase. The strength in another 
position may varies. 
Only muscle strength was assessed in the present study that information 
concerning the endurance of the shoulder rotators is not available. For the overhead sports 
athletes, the endurance of the muscles is also important as it is less common for the 
athlete to have shoulder complain in the beginning of the match. Further study on this 
aspect is also indicated. 
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The testing position adopted in this study may be too stressful for those with 
shoulder problem. For this group of subject, the test may need to conducted in scapular 
plane (Malerba 1993). The muscle torques obtained in different positions are different 
and the positioning factors should be considered when comparison of data is required. 
Muscle damage has been reported after eccentric contraction 0s[osaka & Clarkson 
1995) and in the present study some subjects complained of moderate to severe muscle 
soreness after the test. However this kind of post-eccentric exercise muscle soreness has 
not been studied thoroughly that hinder the development of eccentric training especially 




The anatomical structure allows the glenohumeral joint to be the most mobile 
joint in the human body with concomitant loss in the joint stability. Since the 
capsuloligamentous structures function only at the end range when being stretched, the 
role of the musculotendinous unit is important not only for the joint mobility but also 
for the joint stability. Previous study has demonstrated t)iat pitchers possessed with 
anterior instability had lower muscle activities in the internal rotators and the cuff 
muscles respectively at the cocking phase and the deceleration phase (Gowan et al. 
1987). 
The co-ordination between the shoulder rotators has been studied isokinetically 
by the peak torque ratio. Those with anterior shoulder instability and impingement had 
different ratio when compared with the normal subjects (Wamer et al. 1990, Leroux et 
al. 1994). However as stated by Perrin QPerrin 1993) and Kellis & Baltzopoulos (Kellis 
& Baltzopoulos 1995), the ratio established by comparing the strength of the eccentric 
contraction of the antagonist with the strength of the concentric contraction of the 
agonist is more relevant to reflect the balance of the muscles (in the muscle couple). 
In the present study, Cybex 6000 was used to collect the concentric and 
eccentric isokinetic data of the shoulder rotators tested with the shoulder abducted to 
90°. The intra-class correlation coefficient between the first - and second test was in 
general 80%. Also insignificant correlation was found between the peak torque ratio 
(PTR) and angle specific mode specific torque ratio (ASMSTR). This has reflected 
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that information provided by the ASMSTR is unique that cannot be derived from the 
PTR. 
The balance of the shoulder rotators in the overhead sports athletes was 
examined with reference to the ASMSTR. Results showed that athletes especially the 
male athletes have significantly higher ASMSTR40 than the non-athletes. That means 
the eccentric control of the internal rotator in proportion to the concentric control of 
/ 
the internal rotator was better in the male athletes with the shoulder externally rotated. 
The eccentric control of the internal rotator in the external rotated shoulder is 
beneficial to the athletes to minimise the anterior stress. 
However the athletes tended to have a lower ASMSTR30 when compared with 
the non-athletes. That means the eccentric control of the extemal rotator in proportion 
to the concentric control of the internal rotator with the shoulder internally rotated 
may be relatively weak in the badminton players. The eccentric control of the external 
rotator is important during the deceleration phase to minimise the distracting force on 
the posterior structures created by the contraction of the intemal rotator and the 
momentum of the arm. Hence more eccentric training of the external rotator may be 
indicated for the badminton players in order minimise the incidence rate of posterior 
shoulder injury. 
- Recruitment of more overhead sports athletes to form a data base will help us 
to understand the demand of the shoulder and a more intensive training programme 
can be planned. 
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Assessment form for Part One 
Assessment Form for Part Two 
Appendix 
Title ofProject: A Study of the Balance of Shoulder Agonist and Antagonist Muscle During 
Concentric and Eccentric Action: A Quantifiable Isokinetic Assessment of the 
Strength Ratio 
Principal tivestigator: Miss CHOI Man, M.Phil Student, PDPT 
Supervisor: Professor K.M.Chan O.B.E. MBBS, M. CH. (ORTH), FRCS (G), FRCS.ED(ORTH), 
FHKAM(ORTHOPAEDICS) 
PURPOSE OF RESEARCH 
I have been informed that this study will investigate the muscular performance (concentric and eccentric) of 
shoulder intemal and extemal rotators of overhead sports athletes. Shoulder rotators are important for 
overhead sports athletes. This study will help the coaches to plan for a special training programme and will 
help the clinicians and therapists to plan for a more comprehensive rehabilitation programme. 
PROCEDURE 
I will be examined by Miss CHOI Man for general laxity, shoulder instability and impingement sign. I 
understand that measurement will be taken for my body weight, body height, arm length and shoulder range 
of motion. Also, I will be asked for hand dominance, medical history and training habit. 
I will also participate in an isokinetic testing for shoulder intemal and extemal rotator. The testing speed will 
be 120° per second. The testing position will be same as the diagramme below. My dominant intemal rotator 
will be tested first which will be followed by testing of my non-dominant side. Test will then be progressed to 
my shoulder extemal rotator. Five repetitions ofaltemate concentric and eccentric contractions will be required 
for each muscles in the formal testing. 
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RISKAND DISCOMFORT 
I understand that isokinetic testing is a safe testing and maximum contraction will be required for the test. I 
may experience some discomfort but not pain (not more than level three in the pain scale) when I contracting 
maximally. Also, I have been informed that I may experience some muscle soreness one to two days after 
testing which is mainly due to the eccentric contraction of muscles. Otherwise, no adverse prolonged effect is 
expected due to the testing itseLf. 
BENEFITS 
I understand that the test will have no benefit to my performance. The major benefit is to find out the muscular 
performance pattem of the overhead sports athletes so that more information can be added in planning for 
training and for rehabilitation 
Appendix 
CONFIDENTIALITY 
I understand that the data produced by this study will be analysed and compared with normal population and 
,vill be reported in Miss CHOI Man's M. Phil, project. However, the data will not be used or published 
individually that is by name or by other identifiers, such as photographs and tapes. 
REQUEST FOR MORE INFORMA TION 
I understand that I may ask more questions about the study and Miss CHOI Man at 2632 2706 is available to 
answer my questions or concerns during office hour. A copy of this consent form will be kept by me for careful 
rereading. 
REFUSAL OR WITHDRAWAL OF PARTICIPATION 
I understand that my participation is voluntary and that I may refuse to participate or may withdraw consent 
and discontinue participation in the study at any time without prejudice to' my training in the Hong Kong 
Sports Institute. I also understand that Miss CHOI Man may terminate my participation in this study at any 
time after she has explained the reasons for doing so. 
INJURYSTATEMENT 
I understand that it is unlikely to be injured resulting directly from my participation in this study, if such injuiy 
were reported promptly, then medical treatment would be available to me, but no iurther compensation would 
be provided by any party. I understand that I am not waiving any of my legal rights. 
I have explained to the aim of this study, the procedure required 
and the possible risks and benefits to the best ofmy ability. 
Investigator Date 
I confirm that Miss CHOI Man has explained to me the aim of the study, the procedure that I may undergo and 
the possible risks, discomfort and benefits that I may experience. I have read and understand this consent form 
and willing to participate as a subject in this study. 
Signature of participants Date 
Signature ofwitness Date 
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A Study of the Balance of Shoulder Agongist and Antagonist Muscle During Concentric 
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Appendix 
Name: K).NO.: 
Dominant Side: Right / Left Sex / Age: 




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































SPORTS: ( ) 
NAME: ID. NO. 
(Surname first) 
SEX: AGE: — — 
YEAR OF PLAY: YEAR OF TRAINING: . 
DURATION OF TRAINING (HOURAA/EEK) GYM COURT 
WBGHT: — kg HBGHT: cm 
CONTACT No.: DOMINANT SIDE: 
MEDICAL DESCRIPTION ~ ~ YEAR P R p E N T S T A T U S ~ ~ 
HISTORY % of recovery 
, ,• r > ™ EPISODE PRESENT SHOULDER DESCRIPTION MEDICAL R PHYSIO. R STATUS 
DYSFUNCTION ^ % ofrecovery 
GENERAL LAXITY INSTABILITY IMPINGEMENT 
R L R L R L 
THUMB APPREHENSION 45 FLEX 
5 t h M T P 90 INTERAL ROT. 
ELBOW 135 
KNEE ANTERIOR DRAW 
H n d t o POSTERIOR DRAW 
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Appendix 2 
Instruction for warming up 
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Graphical Presentation of the Shoulder Range 
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Table for the Isokinetic Strength Parameters for> 
Table 1 - 2 Dominant and Non-dominant side for HKT & 
Non-athletes 
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